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Preface 


This book is a collection of multiple choice questions (MCQs) 
to promote the learning of pharmacology in the framework 
of preclinical and clinical disciplines. The main features of the 
book are the following: 

• The MCQs are all of the type that is used for the step 1 
medical board exams in the United States and are 
written according to United States Medical Licensing 
Examination (USMLE) guidelines (i.e., patient-centered 
vignettes). All questions are “one best answer”; in most 
cases, there are five answer choices, but in some cases 
six or seven answer choices are given. 

• Because the MCQs are about pharmacology, each ques- 
tion mentions a drug or a drug class either in the stem or 
as the answer choices. 

• Each MCQ is provided with a level of difficulty, a learn- 
ing objective, the correct answer, and an explanation. 

• There are three levels of difficulty: easy, medium, and 
hard. 

• The learning objective is a brief behavioral statement 
written using an action verb. If a student can perform 
that action, then he or she should be able to answer 
the question correctly. The explanation includes both the 
reasons why a given answer is correct and why the de- 
tractors are wrong. 

• Many questions are related to the highest levels ofBloom ’s 
taxonomy (e.g., interpretation of data and solution of 
problems) rather than being simple recall questions. 

• For each drug or drug class, the concepts asked by the 
MCQs are related to mode of action, pharmacokinetics, 
pharmacodynamics, adverse effects, interactions, or clin- 
ical uses. 

• Most MCQs are integrated questions, and a good knowl- 
edge of the relevant human physiology, biochemistry, 


pathology, microbiology, and/or elementary clinical medi- 
cine is a necessary prerequisite to determine the right 
answer to the question. Therefore, the question with 
its answer explanation can also be used as a powerful 
tool for reviewing and integrating the medical science 
disciplines. 

• The MCQs are grouped in chapters covering most topics 
presented in standard pharmacology textbooks. There 
are 20 to 50 MCQs in each chapter, totaling over 1500 
questions. 

MCQs are the learning tool most frequently used by medical 
students. This book is intended as an integrated tool for both 
course study and board exam preparation. Because the book 
is organized along clinical rather than strictly pharmacolog- 
ical lines, it should be useful for both stepl and step 2 exam 
preparation. 

Pharmacology is a fast-evolving discipline. The authors have 
checked sources believed to be reliable, in order to provide 
information that is in accordance with the currently accepted 
standards. However, the authors are aware that in several in- 
stances the pharmacotherapy of disease is still controversial. 
They have tried, as much as possible, to avoid questions ad- 
dressing controversial issues. 

This book is not intended to be a substitute for pharmacol- 
ogy textbooks. Students are strongly advised to consult their 
textbooks of pharmacology for more in-depth coverage of the 
subject matter. 

Mario Babbini, MD, PhD 
Mary Thomas, PhD 
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I General Principles of Pharmacology 


Questions: 1-1 Pharmacokinetics 

Difficulty level: Easy 

1. A 22-year-old woman suffering from asthma was prescribed 
albuterol by inhalation. Albuterol is a bronchodilating drug 
with a molecular weight of 239 daltons. Which of the fol- 
lowing permeation processes most likely accounted for the 
transfer of the drug through the bronchial mucosa? 

A. Aqueous diffusion 

B. Lipid diffusion 

C Facilitated diffusion 

D. Endocytosis 

E. Active transport 

Difficulty level: Easy 

2 . A34-year-old man on vacation in Mexico was admitted to the 
hospital because of vomiting, double vision, and muscular pa- 
ralysis. The man reported that he had eaten some canned food 
from a local vendor the previous day. After a physical exam- 
ination, a presumptive diagnosis of botulism was made. It is 
known that botulinum toxin causes paralysis by getting in- 
side the axon terminals of motor nerves, where it inhibits the 
release of acetylcholine. Botulinum toxin is a protein with a 
molecular weight greater than 100,000 daltons. Which of the 
following permeation processes most likely accounts for the 
transfer of the toxin through the nerve cell membrane? 

A. Aqueous diffusion 

B. Lipid diffusion 

C Facilitated diffusion 

D. Endocytosis 

E. Filtration 

Difficulty level: Easy 

3. A 51 -year-old woman suffering from hyperthyroidism was 
administered an oral solution of radioactive iodine to destroy 
her thyroid gland. Which of the following permeation pro- 
cesses most likely accounted for the transfer ofthe drug across 
the thyroid cell membrane? 

A. Active transport 

B. Lipid diffusion 

C Facilitated diffusion 

D. Endocytosis 

E. Aqueous diffusion 


Difficulty level: Easy 

4 . A 12-year-old boy recently diagnosed with type 1 diabetes 
started a therapy with two daily subcutaneous administrations 
of insulin. Which of the following permeation processes best 
explains the absorption of insulin from the site of injection? 

A. Bulk flow transport 

B. Lipid diffusion 

C Facilitated diffusion 

D. Endocytosis 

E. Active transport 

Difficulty leveh Hard 

5 . An 85-year-old man was recently admitted to a nursing facil- 
ity. Diseases listed in his medical record on admission were 
depression with anxiety symptoms, atrial fibrillation, chronic 
obstructive pulmonary disease, and osteoarthritis. Medica- 
tions taken orally by the patient included the following: 

Sertraline (base, p K a = 9.5) 

Diazepam (base, p^ = 3 .0) 

Amiodarone (base, p K a = 7.4) 

Theophylline (acid, pK a = 8.8) 

Ibuprofen (acid, p K a 4.8) 

Shortly after administration, which of the following drugs was 
most likely concentrated inside the patient’s gastric cells? 

A. Sertraline 

B. Diazepam 
C Amiodarone 

D. Theophylline 

E. Ibuprofen 

Difficulty leveh Medium 

6. A 17-year-old boy took a tablet of naproxen for a headache. 
Naproxen is a weak acid with a p K a of 5.2. What percentage 
of the drug was most likely water soluble in the patient’s 
plasma? 

A. 1 % 

B. 24% 

C. 50% 

D. 76% 

E. 99% 

F. >99% 


1 


Difficulty level: Medium 

7. A 69-year-old woman was brought to a local hospital emer- 
gency department by her son, who reported that his mother 
was found lethargic, disoriented, and combative a few hours 
earlier. Additional history revealed that she had ingested a 
large number of aspirin tablets in a suicide attempt. An ap- 
propriate therapy was instituted, which included the admin- 
istration of sodium bicarbonate to increase the elimination of 
salicylate. Which of the following best explains the mecha- 
nism of this increased elimination? 

A. Decreased tubular active transport of salicylate 

B. Decreased renal biotransformation of salicylate 
C Decreased bioavailability of salicylate 

D. Urinary ion trapping of salicylate 

E. Increased glomerular filtration of salicylate 


Difficulty level: Easy 

10 . During a phase 1 clinical trial, four different oral dosage 
forms of the same dose of a drug were administered to a 
healthy volunteer on four separate occasions. The plasma 
concentration-time curves are plotted below. 



Difficulty level: Medium 

8. A 63-year old man recently diagnosed with hypertension 
started a therapy with hydrochlorothiazide, one tablet daily. 
Hydrochlorothiazide is an acidic drug with a p K a of about 9. 
Which of the following parts of the digestive tract most likely 
represents the main site of absorption of that drug? 

A. Oral mucosa 

B. Stomach 

C. Small intestine 

D. Colon 

E. Rectum 

Difficulty level: Easy 

9 . The pharmacokinetic properties of five new drugs (P, Q, R, S, 
and T) were studied in healthy volunteers. The same dose of 
each drug was administered intravenously (IV) and orally to 
the same subject on two separate occasions. The results were 
the following: 


Drug 

AUC 0ral 

AUC^ 


(mg h/I) 

(mg h/I) 

P 

50 

600 

Q 

200 

2000 

R 

30 

400 

S 

100 

120 

T 

45 

90 


Abbreviations: AUC, area under the curve; IV, intravenous. 


Which of the following drugs most likely has the highest oral 
bioavailability? 

A. Drug P 

B. Drug Q 
C Drug R 

D. Drug S 

E. Drug T 


Which of the following features best explains why formula- 
tion W produces the largest plasma concentration-time curve 
of the drug? 

A. Highest absorption through gut wall 

B. Lowest first-pass effect 
C Lowest hepatic clearance 

D. Highest volume of distribution 

E. Lowest drug elimination 

Difficulty level: Easy 

11 . A26-year-old man became inebriated after drinking several 
glasses of alcoholic beverages at a party. Ethanol is a polar, 
nonionizable drug with an approximate molecular weight of 
46 daltons. Which of the following permeation processes 
mediated the man’s intestinal absorption of ethanol? 

A. Aqueous diffusion 

B. Bulk flow transport 
C Facilitated diffusion 

D. Active transport 

E. Endocytosis 

Difficulty level: Hard 

12 . A 44-year-old man took a large dose of acetaminophen in 
aqueous solution to treat an excruciating headache. Two 
hours later, the pain was not diminished. Because acet- 
aminophen should be effective in about 30 minutes after 
its oral administration, which of the following conditions 
most likely delayed the oral absorption of the drug in this 
patient? 

A. Amoderate increase in intestinal peristalsis 

B. The presence of strong pain 

C The administration of the drug in aqueous solution 

D. A large volume of distribution of the drug 

E. Avery low clearance of the drug 



Difficulty level: Medium 

13 . A 22-year-old woman was admitted to the emergency de- 
partment after a car accident. The woman had extensive brain 
trauma and multiple fractures. She complained of severe 
pain, and the attending physician planned to administer 
morphine. The physician knew that the dose should be care- 
fully titrated because the entry of morphine into the pa- 
tient’s central nervous system (CNS) was most likely higher 
than normal. Which of the following factors is most likely to 
have increased morphine entry into the CNS of this patient? 

A. The high first-pass effect of the drug 

B. The brain trauma of the patient 
C The young age of the patient 

D. The low clearance of the drug 

E. The high ionization of the drug 

Difficulty level: Easy 

14 . A 67-year-old woman recently diagnosed with atrial fibril- 
lation started treatment with atenolol, 100 mg/d. With this 
dose, the percentage of atenolol bound to plasma proteins 
is about 5% Which of the following would have been the 
bound percentage of atenolol if a dose of 50 mg/d had been 
administered to the same patient? 

A. 2.5% 

B. 5 % 

C 10% 

D. 1.25% 

E. 2% 

Difficulty level: Hard 

15 . A 34-year-old man recently diagnosed with grand mal epi- 
lepsy started treatment with valproic acid, an antiseizure 
drug with a p K a of 5. What percentage of the drug was most 
likely lipid soluble in the patient’s duodenal lumen (assum- 
ing pH = 7 in the lumen)? 

A. 1 % 

B. 24% 

C 50% 

D. 76% 

E. 99% 

Difficulty level: Easy 

16 . A 4-year-old boy suffering from acute lymphoblastic leuke- 
mia was about to receive an intrathecal injection of metho- 
trexate, a drug that cannot cross the blood-brain barrier. 


Which ofthe following statements best explains why several 
drugs, including methotrexate, cannot easily enter the brain? 

A. Cerebrospinal fluid pressure is lower than cerebral per- 
fusion pressure. 

B. The pH of cerebrospinal fluid is lower than plasma pH. 
C Many drugs are bound to protein and cannot cross brain 

capillaries. 

D. Endothelial cells of brain capillaries and choroid plexus 
have tight junctions. 

E. Most drugs are completely ionized in blood. 

Difficulty level: Medium 

17 . The ability of five different drugs (P, Q, R, S, and T) to cross 
the placenta was studied in laboratory animals. The follow- 
ing data were obtained. 


Drug 

Molecular 

Weight 

(daltons) 

Protein Bound 
in Maternal 
Plasma 

Ionized in 
Maternal 
Plasma 

P 

20 

0 

100 

Q 

250 

99 

50 

R 

4500 

25 

10 

S 

500 

10 

90 

T 

2000 

15 

30 


Which of the following drugs most likely crossed the pla- 
centa at the fastest rate? 

A. Drug P 

B. Drug Q 
C Drug R 

D. Drug S 

E. Drug T 

Difficulty level: Medium 

18 . A 52-year-old woman suffering from rheumatoid arthritis 
started a treatment that included infliximab, a monoclonal 
antibody against tumor necrosis factor-a (TNF-a). The drug 
has a volume of distribution of about 3 L. Which of the fol- 
lowing is most likely the main site of distribution of this 
drug? 

A. Fat tissue 

B. Plasma 

C Extracellular fluids 

D. Cell cytosol 

E. Total body water 




Difficulty level: Easy 

19 . A36-year-old woman recently diagnosed with trichomoni- 
asis started a treatment with metronidazole. The drug has 
a hepatic clearance of 4.86 17h and a renal clearance of 
0.54 l?h. On the assumption that only the liver and kidney 
are involved in the elimination of this drug, what percentage 
of the administered drug will be eliminated by the liver? 

A. 20% 

B. 40% 

C 50% 

D. 60% 

E. 70% 

F. 90% 

Difficulty level: Medium 

20 . The pharmacokinetic properties of five new drugs (P, Q, R, S, 
and T) were studied in laboratory animals. The drugs were 
given orally, and the results are shown below. 


Drug 

Percentage of 

Drug Reaching 
the Portal Vein 

Hepatic 

Qearance 

(mL/min) 

P 

90 

20 

Q 

86 

1000 

R 

50 

450 

S 

2 

100 

T 

10 

30 


Difficulty level: Medium 

22 . A new drug was studied in a healthy volunteer during a 
phase 1 clinical trial. Urine and plasma samples were col- 
lected 1 hour after the intravenous administration of a test 
dose. Drug concentration was 40 mg/mLin urine and 1 mg/mL 
in plasma. The urine output of this subject was 1.44 l?d. 
Which ofthe following was most likely the renal clearance of 
the drug, in mUmin? 

A. 40 

B. 30 
C 20 

D. 50 

E. 60 

F. 10 

Difficulty level: Easy 

23. A 10-mg dose of a new drug that follows first-order, one- 
compartment model kinetics was given intravenously to 
healthy subjects in a phase 1 clinical trial. The volume of dis- 
tribution (V d ) ofthe drug turned out to be 80 L. Which ofthe 
following would have been the volume of distribution of the 
drug (in liters) if the administered dose were 20 mg? 

A. 40 

B. 80 
C 240 

D. 160 

E. 120 


Which ofthe following drugs most likely has the highest oral 
bioavailability? 

A. Drug P 

B. Drug Q 
C Drug R 

D. Drug S 

E. Drug T 

Difficulty level: Medium 

21 . When studied in healthy volunteers, the oral bioavailability 
of a new drug turned out to be 20% Knowing that in this case 
the entire administered drug reached the portal circulation, 
which of the following will be the hepatic clearance (in ml? 
min) of the drug? 

A. 500 

B. 800 
C 1200 

D. 1500 

E. 2000 


Difficulty level: Medium 

24 . A45-year-old man suffering from epilepsy had been receiv- 
ing carbamazepine, one tablet daily. The drug has a total 
clearance of 63 17 h and a hepatic clearance of 62 L7h. The 
man was recently diagnosed with a skin infection due to 
Mycobacterium marinum, and treatment with rifampin and 
ethambutol was started. Knowing that rifampin is a potent 
inducer of microsomal enzymes, which of the following 
changes most likely occurred to the pharmacokinetics of 
carbamazepine? 

A. The hepatic clearance ofthe drugs decreased. 

B. The first-pass loss of the drug decreased. 

C The renal clearance of the drug decreased. 

D. The volume of distribution of the drug increased. 

E. The half-life ofthe drug decreased. 

Difficulty level: Medium 

25 . A 59-year-old Japanese man with atrial fibrillation pre- 
sented to his physician complaining of red urine. The man 
had been receiving a standard dose of warfarin, which is an 
anticoagulant drug biotransformed by CYP2C9 isozyme. 
Which of the following was the most likely cause of the pa- 
tient’s disorder? 



A. Increased protein binding of warfarin 

B. Decreased renal excretion of warfarin 
C Genetic polymorphism of CYP2C9 

D. Decreased metabolism of CYP2C9 

E. Increased CYP2C9 synthesis in a person of Asian origin 

Difficulty level: Easy 

26 . The pharmacokinetics of a new drug was studied in labora- 
tory animals. The drug was given orally, and the following 
results were obtained: 

Percent reaching the portal circulation: 40% 

Liver clearance: negligible 

Liver blood flow in the animal was 1000 mLmin. Which of 
the following would be the oral bioavailability of the drug? 

A. 1.0 

B. 0.4 
C 0.1 

D. 2.2 

E. 0.6 

F. 0.8 

Difficulty level: Medium 

27 . A35-year-old Caucasian man complained to his physician of 
tingling sensation in his limbs and noted that his arms some- 
times felt heavy. The man, recently diagnosed with pulmo- 
nary tuberculosis, had been receiving isoniazid and rifampin 
for 2 months. He was diagnosed with peripheral neuropathy, 
a known adverse effect of isoniazid. Which of the following 
events most likely caused the patient’s symptoms and signs? 

A. Rifampin-induced inhibition of isoniazid metabolism 

B. Worsening of the disease, despite the therapy 
C Allergic reaction to rifampin 

D. Inherited deficiency of N-acetyltransferase 

E. Allergic reaction to isoniazid 

Difficulty level: Medium 

28 . A49-year-old obese man recently diagnosed with vasospas- 
tic angina started a treatment with nifedipine. The drug has 
a volume of distribution (V d ) of about 55 Lin a 70-kg person, 
but in this obese patient, the V d turned out to be 1 10 L. The 
standard loading dose of nifedipine for a patient weighing 
70 kg is 30 mg. Which of the following should be the thera- 
peutic loading dose administered to this patient (in mg) in 
order to achieve the same target concentration? 

A. 20 

B. 40 
C 60 

D. 90 

E. 120 

F. 150 


Difficulty level: Easy 

29 . A 22-year-old man suffering from adult autism and violent 
behavior started a treatment that included buspirone, a drug 
with a large first-pass effect. Which of the following phar- 
macokinetic properties of the drug was most likely affected 
by this large first-pass effect? 

A. Volume of distribution 

B. Oral bioavailability 
C Renal clearance 

D. Sublingual bioavailability 

E. Intramuscular bioavailability 

Difficulty level: Easy 

30 . A 47-year-old man recently diagnosed with systolic heart 
failure started a treatment that included furosemide. The 
drug has a total clearance of about 136 ml?min, and about 
66%of the drug is excreted as such in the urine. On the as- 
sumption that, in this case, only the liver and kidneys are in- 
volved in drug elimination, which of the following was most 
likely the renal clearance of furosemide (in mUmm)? 

A. 90 

B. 70 
C 110 

D. 25 

E. 81 

F. 16 

Difficulty level: Hard 

31 . The pharmacokinetics of a new drug that followed first-order, 
one-compartment model kinetics was studied in a healthy 
volunteer. A20-mg dose was given intravenously. The plasma 
concentration of the drug turned out to be 2 mg/L initially 
and 1 mg/L 2 hours later. Which of the following was most 
likely the total clearance of the drug (in l?h)? 


A. 

2.5 

B. 

8.4 

C 

5.5 

D. 

6.7 

E. 

3.5 

F. 

4.9 




Difficulty level: Easy 

32. The pharmacokinetic properties of five new drugs (P, Q, R, S, 
and T) were studied in laboratory animals. A 100-mg dose of 
each drug was administered intravenously to the same ani- 
mal on five separate occasions. The plasma concentration- 
time curves for each drug are depicted in the figure below: 


A. 250 

B. 390 
C 420 

D. 315 

E. 180 

F. 115 



Which of the following drugs has the largest volume of 
distribution? 


Difficulty level: Hard 

35 . A 23-year-old healthy male volunteer received an intrave- 
nous dose of 2 mg of a new drug during a clinical trial. The 
drug followed a first-order, one-compartment model kinet- 
ics and had a volume of distribution of 10 L. After 6 hours the 
plasma concentration of the drug was 50 pg/L. Which of the 
following was most likely the half-life of the drug (in hours)? 

A. 1 

B. 2 
C 3 

D. 4 

E. 5 

F. 6 


A. Drug P 

B. Drug Q 
C Drug R 

D. Drug S 

E. Drug T 

Difficulty level: Easy 

33 . The pharmacokinetics of a new drug was studied in healthy 
volunteers. It was found that the drug followed first-order, 
one-compartment model kinetics and had a volume of dis- 
tribution of 100 L. After the oral administration of 200 mg, 
the theoretical plasma concentration at time 0 turned out to 
be 1 mg/L. Which of the following was most likely the oral 
bioavailability of the drug? 

A. 0.1 

B. 0.5 
C 0.8 

D. 1.0 

E. 2.3 

F. 1 .6 

Difficulty level: Hard 

34 . A32-year-old male cocaine addict was brought unconscious 
to the emergency department. A friend stated that the man 
had intravenously self-injected an unknown dose of cocaine 
2 hours earlier. An immediate lab analysis indicated that the 
plasma level of cocaine was 0.75 mg/L. Cocaine has a volume 
ofdistribution ofabout 130 Land a half-life ofabout 1 hour. 
Which of the following was most likely the injected dose of 
cocaine (in mg)? 


Difficulty level: Medium 

36. The figure below depicts the plasma concentration-time 
curves for four drugs (W, X, Y, and Z) given by IV infusion to 
the same laboratory animal on four separate occasions. 

50 
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0 

0123456789 10 

Time (h) 

Which of the following drugs has the shortest half-life? 

A. Drug W 

B. Drug X 
C Drug Y 
D. Drug Z 

Difficulty level: Hard 

37 . The pharmacokinetics ofa new drug was studied in a healthy 
volunteer. The drug was given by intravenous infusion at a 
rate of 30 mg/h. The plasma concentration-time curve of 
the drug is depicted below. 





0 2 4 6 8 10 12 14 16 

Time (h) 

Which of the following is most likely the total clearance of 
the drug (in L/h)? 

A. 4 

B. 6 
C 2 

D. 10 

E. 14 

F. 16 

Difficulty level: Easy 

38. The pharmacokinetics of a new drug following zero-order 
kinetics was studied in a healthy volunteer. Three hours after 
the intravenous administration of a test dose, the plasma 
concentration ofthe drug was 8 mg/L, and 1 hour later it was 
7 mg/L Which of the following was most likely the plasma 
concentration ofthe drug (in mg/L) immediately after drug 
administration? 


A. 

9 

B. 

32 

C 

11 

D. 

16 

E. 

64 

F. 

5 


Difficulty level: Medium 

39. The figure below depicts the concentration-time curve of a 
new drug after a single intravenous dose of 20 mg was ad- 
ministered to a laboratory animal. 



Time (h) 


Which of the following drugs does the new agent most 
resemble? 

A. Atropine 

B. Propranolol 
C Ethanol 

D. Phenylephrine 

E. Clonidine 

F. Dobutamine 

Difficulty level: Hard 

40 . The pharmacokinetics ofa new drug was studied in a healthy 
volunteer. The drug followed first-order, one-compartment 
model kinetics and had a half-life of 3 hours. An intravenous 
infusion of the drug was started at 8:00 a.m. A blood sample 
taken at 2:00 p.m. of the same day showed a plasma drug 
concentration of 60 pg/mL. Which ofthe following was most 
likely the plasma concentration of that drug (in pg/mL) at the 
steady state? 

A. 100 

B. 60 
C 80 

D. 30 

E. 40 

F. 120 


Questions: 1-2 Pharmacodynamics 

Difficulty level: Medium 

1. A 68-year-old man recently diagnosed with atrial fibrillation 
started therapy with atenolol, a (3-receptor blocker. Which of 
the following changes most likely occurred in cardiac myo- 
cytes during the first 2 weeks of therapy? 

A. Spare (3 receptors became activated. 

B. The G-protein number decreased. 


C The (3-receptor number increased. 

D. Most (3 receptors became phosphorylated. 

E. The ability to respond to intracellular cyclic adenosine 
monophosphate (cAMP) declined. 



Difficulty level: Easy 

2 . Anew drug was tested in an in vitro system. It was found that 
only one enantiomer of the racemic pair bound substantially 
to a specific receptor, whereas the other enantiomer showed 
negligible binding. Which of the following terms best defines 
this property? 

A. Intrinsic activity 

B. Affinity 

C Stereoselectivity 

D. Potency 

E. Variability 

F. Maximal efficacy 

Difficulty level: Easy 

3. A 14-year-old girl suffering from seasonal rhinitis started a 
therapy with loratadine, a drug that binds to H 2 histamine 
receptors. Which of the following terms describes a charac- 
teristic of loratadine binding to the ¥L l receptor? 

A. Intrinsic activity 

B. Potency 

C. Maximal efficacy 

D. Affinity 

E. Receptor activation 
Difficulty level: Easy 

4 . Two new drugs were tested in laboratory animals. Which of 
the following drug parameters was most likely recorded to 
estimate the relative potency of both drugs? 

A. The therapeutic index of both drugs 

B. The maximal responses produced by each drug 

C The graded log dose-response curve of both drugs 

D. The volume of distribution of both drugs 

E. The clearance of both drugs 

Difficulty level: Medium 

5 . A65-year-old man suffering from osteoarthritis has been tak- 
ing naproxen, 500 mg daily for 1 month. The drug was effec- 
tive, but the patient suffered from nausea and heartburn. The 
physician decided to try another nonsteroidal antiinflamma- 
tory drug (NSAID) and prescribed celecoxib, a drug ~5 times 
more potent than naproxen, with negligible gastrointestinal 
side effects. Which of the following would be the most ap- 
propriate daily dose of celecoxib (in mg) to prescribe to the 
patient? 

A. 50 

B. 1000 
C 10 

D. 25 

E. 100 

F. 75 


Difficulty level: Easy 

6. A2-year-old boy was admitted to the emergency department 
after a generalized tonic-colonic seizure. His mother reported 
that the boy apparently ingested several tablets of propranolol, 
a (3-blocker, which he had found in his father’s dresser drawer. 
Vital signs on admission were blood pressure 85/50 mm Hg, 
heart rate 40 beats per minute (bpm), respiratory rate 20/min. 
The boy received an intramuscular injection of glucagon, a 
hormone that activates glucagon receptors in the heart, caus- 
ing a significant increase in heart contractility. Which of the 
following terms best defines the antagonism between gluca- 
gon and (3-blockers? 

A. Chemical 

B. Functional 
C Competitive 

D. Ph armacokinetic 

E. Pharmacological 

Difficulty level: Medium 

7. The effect of a new autonomic drug was tested on a healthy 
volunteer during a clinical trial. The subject was treated with 
saline or with the drug, and cardiac rate was recorded at rest 
or after exercise. The results are reported below. 


Treatment 

Heart Rate (bpm) 

At Rest 

After Exercise 

Saline 

70 

150 

Drug 

85 

100 


Abbreviation: bpm, beats per minute. 

Which of the following terms best defines the tested drug? 

A. Noncompetitive antagonist 

B. Competitive antagonist 
C Partial agonist 

D. Physiologic antagonist 

E. Full agonist 

F. Chemical antagonist 

Difficulty level: Easy 

8. A 65-year-old woman suffering from atrial fibrillation had 
been taking a drug to treat this condition for 6 months. The 
drug had no intrinsic activity and bound reversibly to (3 x re- 
ceptors. Which of the following terms best defines this drug? 

A. Partial agonist 

B. Functional antagonist 

C. Inverse agonist 

D. Noncompetitive antagonist 

E. Competitive antagonist 

F. Full agonist 



Difficulty level: Medium 

9 . Anew (3-blocker was tested in healthy volunteers. The cu- 
mulative frequency distribution of subjects showing a de- 
crease of 10 bpm in the heart rate was plotted against the log 
dose. Which of the following drug parameters can be deter- 
mined from this cumulative frequency distribution? 

A. Receptor affinity 

B. Median effective dose 
C Therapeutic index 

D. Therapeutic window 

E. Maximal efficacy 

Difficulty level: Easy 

10 . In the figure below, curve X depicts the in vitro log dose- 
response curve for a full oij agonist on contraction of vascu- 
lar smooth muscle. Which of the curves best depicts the log 
dose-response curve of that agonist when a fixed dose of a 
competitive oij antagonist is given concomitantly? 



A. Curve P 

B. Curve Q 
G Curve R 

D. Curve S 

E. Curve T 

Difficulty level: Medium 

11 . The figure below depicts the in vitro log dose-response curves 
of five different drugs (P, Q, R, S, and T). Which of the follow- 
ing pairs of drugs can fully activate the same receptors? 



A. Drugs P and Q 

B. Drugs P and R 
G Drugs P and S 

D. Drugs Q and T 

E. Drugs Q and S 

F. Drugs RandS 


Difficulty level: Easy 

12 . The figure below depicts the in vitro log dose-response 
curves of five different drugs (P, Q, R, S, and T) acting on the 
same receptor. 



Which of the following drugs has the highest ED 50 ? 

A. Drug P 

B. Drug Q 
G Drug R 

D. Drug S 

E. Drug T 

Difficulty level: Easy 

13 . A65-year-old woman who had been admitted to the hospital 
with a myocardial infarction developed ventricular tachy- 
cardia and received an intravenous injection of lidocaine. Her 
cardiologist knew that the dose given must be within the 
range of doses that have a high probability of therapeutic 
success. Which of the following terms best defines this range? 

A. Intrinsic activity 

B. Efficacy 
G Potency 

D. Therapeutic index 

E. Therapeutic window 

F. Response variability 

Difficulty level: Medium 

14 . A 67-year-old man suffering from terminal cancer started 
analgesic treatment with an opioid drug. Knowing that tol- 
erance to opioids is pronounced, which ofthe following drug 
parameters was most likely increased after a few days of 
treatment? 

A. Maximal efficacy 

B. Median effective dose 
G Therapeutic index 

D. Potency 

E. Half-life 


log dose 



Difficulty level: Medium 

15 . A 17-year-old girl started smoking 1 month ago, and now 
she is smoking 5 to 10 cigarettes daily. She has noticed that 
the first cigarette of the day often causes mild tachycardia, 
which does not usually occur with the following cigarettes. 
Which of the following terms best defines this tolerance 
pattern? 

A. Cross-tolerance 

B. Tachyphylaxis 

C Pharmacokinetic tolerance 

D. Innate tolerance 

E. Sensitization 

Difficulty level: Medium 

16 . A 64-year-old man with terminal cancer had been suffering 
from continuous pain and started treatment with morphine. 
After a few days of treatment, the initial dose was no longer 
effective, and the physician gradually increased the dose, 
knowing that pharmacodynamic tolerance most likely had 
occurred. Which of the following best explains the mecha- 
nism of tolerance in this patient? 

A. Accelerated morphine metabolism 

B. Increased affinity of receptors to morphine 

C Decreased binding of morphine to plasma proteins 

D. Decreased morphine receptor density 

E. Decreased concentration of morphine in the brain 

Difficulty level: Medium 

17 . A 17-year-old boy drank increasing amounts of alcohol when 
attending parties. He noticed that lately he was able to better 
tolerate alcohol effects and asked his physician the reason 
for this. The physician said that pharmacodynamic tolerance 
had probably occurred. Which of the following actions most 
likely mediated this tolerance? 

A. Decreased concentration of the drug at the site of action 

B. Homeostatic adaptive changes that counteract the drug 
effect 

C Decreased bioavailability of the drug 

D. Increased biotransformation of the drug 

E. Increased number of drug receptors 

Difficulty level: Easy 

18 . A 46-year-old woman complained to her physician that the 
sedative effect of the drug she was taking had increased sub- 
stantially. The woman, who was suffering from generalized 
anxiety disorder, had been taking diazepam, one tablet daily. 
A few days earlier, she had started taking cimetidine to treat 
her heartburn. Cimetidine is an inhibitor of the cytochrome 
P-450 system in the liver. Which of the following terms best 
defines this cimetidine-diazepam interaction? 


A. Additive effect 

B. Potentiation 
C Synergism 

D. Sensitization 

E. Reverse tolerance 

Difficulty level: Easy 

19 . A45-year-old woman recently diagnosed with a urinary tract 
infection started therapy with a trimethoprim -sulfame- 
thoxazole combination. Both trimethoprim and sulfamethox- 
azole are bacteriostatic drugs when given alone. However, a 
bactericidal effect is obtained when the two drugs are given 
in combination. Which of the following terms best defines 
this drug interaction? 

A. Additive effect 

B. Potentiation 
C Synergism 

D. Reverse tolerance 

E. Sensitization 

Difficulty level: Easy 

20 . A 2-year-old girl was rushed to the emergency department 
after ingesting several tablets of a medication containing 
iron. An emergency treatment was started that included the 
intravenous administration of deferoxamine. This drug is able 
to combine with iron in plasma to form an inactive com- 
plex and therefore to antagonize iron effects. Which of the 
following terms best defines this antagonism? 

A. Competitive 

B. Noncompetitive 
C Functional 

D. Chemical 

E. Pharmacokinetic 

Difficulty level: Easy 

21 . Anew drug was tested in an in vitro system. The relationship 
between the concentration of the drug and the association 
and dissociation of the drug-receptor complex was evaluated. 
Which of the following factors regulates this relationship? 

A. The pharmacological response 

B. The volume of distribution of the drug 
C The total clearance of the drug 

D. The law of mass action 

E. The rate of signal transduction 




Difficulty level: Easy 

22. An 83-year-old woman suffering from overflow urinary 
incontinence started a therapy with a cholinergic drug that 
was able to relieve leaking. Which of the following best de- 
fin es the molecular event initiated by drug-receptor binding 
and ending with the therapeutic effect in this patient? 

A. Receptor upregulation 

B. Drug efficacy 

C Signal transduction pathway 

D. Drug-receptor interaction 

E. Drug potency 

Difficulty level: Easy 

23. A 9-year-old boy suffering from mild asthma used a (3 0 ago- 
nist “as needed” by inhalation. Which of the following was 
most likely the immediate consequence of the activation of 
p 0 receptors? 

A. Opening of ligand-gated K + channels 

B. Increased synthesis of cAMP 
C Decreased synthesis of cAMP 

D. Conformational change of a G protein 

E. Phosphorylation of a G protein 

Difficulty level: Easy 

24. A 57-year-old man who was in the hospital after a surgical 
procedure complained of a severe abdominal pain. The phy- 
sician decided to start analgesic treatment with an opioid. 
The drugs he was considering were morphine (10 mg IM) 
and buprenorphine (0.3 mg IM). Morphine is a full agonist at 
mu (p) opioid receptors, whereas buprenorphine is a partial 
agonist at the same receptors. The above-mentioned doses 
of the two drugs are equieffective. Which of the following 
pairs of statements correctly defines the potency and effi- 
cacy of morphine and buprenorphine? 

A. Morphine is more potent. Buprenorphine is more ef- 
fective. 

B. Morphine is more potent. Buprenorphine is less ef- 
fective. 

C Morphine is less potent. Buprenorphine is more ef- 
fective. 

D. Morphine is less potent. Buprenorphine is less effective. 


Difficulty level: Easy 

25. A series of new (3 agonists was tested in laboratory animals. 
Heart rate was measured after treatment with different doses 
of each drug. The results are given below: 


Drug 

®50 

(mg) 

Maximal Increase 
in Heart Rate (bpm) 

A 

2 

+15 

B 

10 

+22 

C 

15 

+30 

D 

5 

+40 

E 

20 

+55 


Abbreviations: bpm, beats per minute; ED 50 , effective dose that produces a 
response in 50%of subjects. 


Which of the following drugs was the most potent? 

A. Drug A 

B. Drug B 
C Drug C 

D. Drug D 

E. Drug E 

Difficulty level: Easy 

26. Two new diuretics were tested in healthy volunteers. They 
were given singly or together on separate occasions. The re- 
sults are given below: 


Drug 

Dose (mg) 

Daily Urine 

Output (I) 

A 

20 

5 

B 

5 

3 

A+B 

20 (A) + 5 (B) 

8 


Which of the following terms best defines the type of drug- 
drug interaction that has occurred? 

A. Synergism 

B. Potentiation 
C Additive 

D. Functional antagonism 

E. Pharmacokinetic antagonism 

Difficulty level: Medium 

27. A45-year-old woman recently diagnosed with lupus erythe- 
matosus started a treatment with a synthetic steroid. Which 
of the following is the most likely time lapse expected be- 
tween receptor activation and therapeutic response? 

A. Few milliseconds 

B. Few seconds 
C Few minutes 

D. One or 2 hours 

E. Several hours or days 



Difficulty level: Medium 

28. The figure below depicts the in vitro log dose-response 
curves of different drugs acting on the same receptor. 



Which of the drugs has the highest affinity for the receptor? 

A. Drug P 

B. Drug Q 
G Drug R 

D. Drug S 

E. Drug T 

Difficulty level: Easy 

29. Some new drugs acting on the same receptor were studied 
in laboratory animals. It was found that 

• Drug X was able to decrease the constitutive level of activ- 
ity of the receptor. 

• Drug Ywas able to increase the constitutive level of activ- 
ity of the receptor. 


• Drug Z was able to antagonize the effects of both drug X 
and drug Y. 

Which of the following terms best defines drug X? 

A. Competitive antagonist 

B. Partial agonist 
C Inverse agonist 

D. Irreversible antagonist 

E. Full agonist 

Difficulty level: Medium 

30. A clinical trial was conducted by orally administering a 
new analgesic drug to a group of patients suffering from 
arthritic pain. One hour after administration, the patients 
were questioned about pain relief, and a sample ofblood was 
collected from each patient to measure plasma drug levels. 
Pain relief generally correlated well with plasma levels, but 
three patients whose plasma levels were equal to zero re- 
ported good pain relief. Which of the following is the most 
likely explanation of the analgesic effect of the drug in those 
three patients? 

A. High bioavailability of the drug 

B. Small volume of distribution of the drug 
C Very low clearance of the drug 

D. Poor patient compliance 

E. Placebo effect 


Questions: 1-3 Adverse Effects of Drugs 


Difficulty level: Easy 

1. A 23-year-old woman complained to her physician that the 
diphenhydramine she used to prevent motion sickness when 
traveling by boat was effective in preventing vomiting but 
caused drowsiness and dry mouth. Which of the following 
terms best explains the underlying cause ofthese drug-related 
adverse effects? 

A. Genetic predisposition 

B. Nonspecific cytotoxicity 
C Drug-receptor interaction 

D. Immunologic response 

E. Preexisting pathology 

Difficulty level: Medium 

2. Five new anticonvulsant drugs (P, Q, R, S, and T) were tested in 
laboratory animals. It was found that all of the drugs had ap- 
proximately the same lethal dose that produces death in 50% 
of subjects (LD 50 ). The median effective dose of each drug is 
reported below: 


Drug 

Median El ective 

Dose (mg) 

P 

3 

Q 

10 

R 

24 

S 

35 

T 

50 


Which of the drugs most likely has the highest risk of over- 
dose toxicity? 

A. Drug P 

B. Drug Q 
C Drug R 

D. Drug S 

E. Drug T 




Difficulty level: Easy 

3. A5 1 -year-old man reported to his physician that in the morn- 
ing he noticed his urine was cloudy and red. The man had 
been taking an oral anticoagulant for 3 weeks to treat a deep 
venous thrombosis. If the patient’s symptoms were caused by 
the anticoagulant, which of the following adverse drug reac- 
tions was most likely involved? 

A. Overdose toxicity 

B. Autoimmune reaction 
C Idiosyncratic reaction 

D. Pseudoallergic reaction 

E. Immediate allergic reaction 

Difficulty level: Hard 

4 . A 23-year-old woman scheduled for surgical dilation and cu- 
rettage was anesthetized with thiopental. Shortly after recov- 
ery from the anesthesia, the woman had generalized seizures 
followed by a deep coma. Further information given by her 
husband indicated that the patient’s mother had suffered from 
acute intermittent porphyria. If the coma was caused by thio- 
pental, which of the following drug reactions was most likely 
involved? 

A. Type II allergic reaction 

B. Delayed allergic reaction 
C Idiosyncratic reaction 

D. Pseudoallergic reaction 

E. Overdose toxicity 

Difficulty level: Medium 

5 . A 28-year-old woman who had had a mitral valve replace- 
ment for rheumatic heart disease 2 years ago had her sus- 
pected pregnancy confirmed by a positive pregnancy test. Her 
current medications include the anticoagulant warfarin (U.S. 
Food and Drug Administration [FDA] category for teratogenic 
risk D) and amoxicillin (FDA category B). Which of the follow- 
ing would be the best course of action to be implemented by 
her family physician? 

A. Stop all medications throughout pregnancy 

B. Suspend warfarin for the first trimester of pregnancy 

C Replace warfarin with heparin and continue amoxicillin 

D. Continue warfarin and replace amoxicillin with penicil- 
lin G 

E. Reduce the dose of warfarin and continue amoxicillin 
Difficulty level: Medium 

6. Five new antihypertensive drugs were tested in healthy vol- 
unteers. All of the drugs were found to be equally effective 
in controlling hypertension. The minimum effective plasma 
concentrations and the minimum toxic plasma concentra- 
tions were determined for each drug. The results are reported 
below: 


Drug 

Plasma Concentration (mg/I) 

Minimum 
ef ective 

Minimum 

toxic 

P 

5 

20 

Q 

1 

10 

R 

30 

60 

S 

0.6 

3 

T 

20 

80 


Which of the drugs has the highest probability of therapeutic 
success? 

A. Drug P 

B. Drug Q 
C Drug R 

D. Drug S 

E. Drug T 

Difficulty level: Medium 

7. A 32-year-old African American man who worked as a Peace 
Corps volunteer in Ghana presented with weakness, fatigue, 
yellowing of his skin and sclera, and slight fever. He recently 
was given chloroquine as a prophylaxis for malaria. Labora- 
tory findings confirmed the diagnosis of hemolytic anemia 
likely due to chloroquine treatment. This patient’s disease 
was most likely mediated by genetic polymorphism of which 
of the following enzymes? 

A. N-acetyltransferase 

B. Glucose-6-phosphate dehydrogenase 

C Reduced form of nicotinamide adenine dinucleotide 
(NADH)-methemoglobin reductase 

D. Pseudocholinesterase 

E. Glucuronosyltransferase 

Difficulty level: Medium 

8. A 6 1 -year-old woman complained to her physician of a burn- 
ing sensation when she urinated. Past history of the patient 
was significant for serious hypersensitivity to sulfa drugs. Uri- 
nalysis revealed abundant gram-negative bacteria, and a sen- 
sitivity test showed that they were sensitive to amikacin, 
piperacillin, trimethoprim-sulfametoxazole, ciprofloxacin, and 
ceftriaxone. A diagnosis of urinary tract infection was made, 
and an antibiotic therapy was prescribed. Which of the fol- 
lowing antibiotics should be avoided in this patient? 

A. Trimethoprim-sulfamethoxazole 

B. Piperacillin 
C Amikacin 

D. Cip rofloxacin 

E. Ceftriaxone 



Difficulty level: Easy 

9 . Anew hypnotic drug was tested in laboratory animals. It was 
found that the ED 50 for inducing sleep was 2 mg/kg. Which 
of the following best explains the meaning of that dose? 

A. The mean dose able to elicit sleep induction 

B. The dose with a 50%probability of causing sleep 
C The dose that elicits sleep in 50%of animals 

D. The mean dose with a good probability of sleep in- 
duction 

E. The dose that elicits a median therapeutic sleep re- 
sponse in most animals 

Difficulty level: Medium 

10 . Anewborn boy whose mother had epilepsy presented with 
microcephaly, a broad nasal bridge, short nose, cleft palate, 
and hypoplasia of the distal phalanges. Drugs used by the 
mother during pregnancy included phenytoin for seizures, 
methyldopa for pregnancy-induced hypertension, and eryth- 
romycin for an upper respiratory infection during the first 
trimester. During the delivery, the woman was treated with 
diazepam and had epidural anesthesia with lidocaine. Which 
of the drugs taken by the mother most likely caused the 
baby’s presenting syndrome? 

A. Methyldopa 

B. Phenytoin 

C Erythromycin 

D. Lidocaine 

E. Diazepam 

Difficulty level: Medium 

11 . A 75-year-old woman complained to her physician of in- 
creased need to urinate during the night. The woman had 
been receiving gentamicin for 2 months to treat a urinary 
tract infection. Lab tests revealed a serum creatinine level of 
5 mg/dL(normal 0.5-1 .2 mg/dL). Serum gentamicin concen- 
tration obtained just before the last dose was 9 mg/dL(nor- 
mal < 2 mg/dL). The patient was most likely suffering from 
which of the following adverse drug reactions? 

A. Type II allergic reaction 

B. Type III allergic reaction 
C Idiosyncratic reaction 

D. Pseudoallergic reaction 

E. Overdose toxicity 

Difficulty level: Medium 

12 . A 34-year-old man was admitted to the hospital because of 
sudden onset of fever (102.2°F, 39.0°C), oliguria, and a skin 
rash. The man had been receiving ampicillin for primary 
syphilis. Laboratory findings showed eosinophiluria, protein- 
uria, and increased serum levels of urea nitrogen and creati- 
nine. Adiagnosis ofdrug-induced tubulointerstitialnephritis 


was made. Which of the following adverse drug reactions 
best explains the disease of this patient? 

A. Overdose toxicity 

B. Tachyphylactic reaction 
C Idiosyncratic reaction 

D. Allergic reaction 

E. Pseudoallergic reaction 

Difficulty level: Medium 

13 . A 15-year-old boy was admitted to the hospital with fever 
(103.1°F, 39.5°C), a morbilliform skin eruption, lymphade- 
nopathy, angioedema, and arthralgia. The boy had been re- 
ceiving ampicillin for a pulmonary infection for 2 weeks. Lab 
data revealed elevated circulating immune complexes. Which 
of the following adverse drug reactions best explains the pa- 
tient’s disorder? 

A. Overdose toxicity 

B. Anaphylactoid reaction 
C Idiosyncratic reaction 

D. Autoimmune reaction 

E. Serum sickness 

Difficulty level: Hard 

14 . A 69-year-old man presented to the hospital with a skin 
eruption over his neck, arms, and legs. The patient reported 
that he was diagnosed with senile pruritus 3 week earlier, 
and he had been applying a topical doxepin cream to relieve 
itching. Physical examination revealed red, swollen skin cov- 
ered with blisters, and a patch test confirmed that the skin 
eruption was due to doxepin. Which of the following ad- 
verse drug reactions best explains the patient’s disorder? 

A. Type I allergic reaction 

B. Type II allergic reaction 
C Idiosyncratic reaction 

D. Pseudoallergic reaction 

E. Type IV allergic reaction 

Difficulty level: Hard 

15 . A 38-year-old woman went to her physician because of a 
bluish discoloration of her lips. Medical history was signif- 
icant for an inherited deficiency of the reduced form of nic- 
otinamide adenine dinucleotide (NADH)-methemoglobin 
reductase. One week earlier, she had started therapy with 
trimethoprim-sulfamethoxazole to treat a urinary tract in- 
fection. Physical examination showed cyanosis of the oral 
mucosa, and a blood test revealed a high level of methemo- 
globinemia. The physician suspected that sulfamethoxazole 
was the cause of the patient’s cyanosis. Which of the fol- 
lowing adverse drug reactions best explains the patient’s 
disorder? 



A. Type I allergic reaction 

B. Type IV allergic reaction 
C Idiosyncratic reaction 

D. Pseudoallergic reaction 

E. Overdose toxicity 

Difficulty level: Easy 

16 . A 32-year-old woman complained to her physician of urti- 
caria. Three days earlier, the woman had started therapy with 
amoxicillin for infectious tonsillitis. The physician suspected 
an allergic reaction to the drug. Which of the following was 
most likely the main determinant of that drug reaction? 

A. Dose of the drug 

B. Chemical structure of the drug 
C Oral bioavailability of the drug 

D. Genetic pedigree of the patient 

E. Liver and kidney functions of the patient 

Difficulty level: Easy 

17 . An 85-year-old woman was admitted to the hospital with an 
infected decubitus ulcer. Cultures revealed Staphylococcus au- 
reus that was sensitive to some (3-lactam antibiotics, namely, 
oxacillin, cephalexin, and imipenem. Which of the following 
would be the first procedure to undertake in order to mini- 
mize the risk of an allergic reaction to these antibiotics? 

A. Start the therapy with a very small dose 

B. Perform a skin sensitivity test 

C Pretreat the patient with an antiallergic drug 

D. Use another (3-lactam antibiotic active against S. aureus 

E. Get a detailed drug history 

Difficulty level: Medium 

18 . A 32-year-old pregnant woman was found to have a red 
blood cell count of3.2 x 10 6 /mm 3 (normal 3. 5-5 .5 x 10 6 ) and 
a positive direct Coombs test during a regular clinic visit. The 
woman had started a treatment with methyldopa 4 months 
earlier because of stage 1 hypertension. Which of the follow- 
ing mechanisms most likely mediated the drug-induced re- 
action of this patient? 


A. Deficiency of the reduced form of nicotinamide adenine 
dinucleotide (NADH)-methemoglobin reductase 

B. Production of autoantibodies against red blood cells 
C Drug-induced deficiency of folic acid 

D. Drug-induced bone marrow suppression 

E. Deficiency of glucose-6-phosphate dehydrogenase 

Difficulty level: Easy 

19 . A 64-year-old man was hospitalized for treatment of Staph- 
ylococcus aureus bacteremia and was given an intravenous 
infusion of vancomycin. A few minutes later he developed 
symptoms of an anaphylactic-like reaction. The patient was 
not aware of previous exposure to vancomycin, and a search 
for antibodies to the suspected drug was negative. Which of 
the following types of drug reaction was most likely experi- 
enced by the patient? 

A. Type I allergic reaction 

B. Autoimmune reaction 

C Genetically mediated reaction 

D. Pseudoallergic reaction 

E. Overdose toxicity 

Difficulty level: Medium 

20 . A43-year-old man had to undergo surgery to remove a bili- 
ary calculus. The anesthesiologist chose to supplement the 
anesthesia with succinylcholine, a paralyzing agent that has 
a rapid onset and a short duration of action. In this patient, 
however, the drug-induced paralysis lasted several hours, ne- 
cessitating the anesthesiologist to continue the anesthesia 
and continue artificial respiration. Which of the following 
adverse drug reactions best explains the patient’s disorder? 

A. Type II allergic reaction 

B. Immediate allergic reaction 
C Idiosyncratic reaction 

D. Pseudoallergic reaction 

E. Overdose toxicity 


Answers and Explanations: 1-1 Pharmacokinetics 


learning objective: Describe the main features of lipid diffusion of 
drugs across cell membranes. 

1 . B Lipid diffusion is by far the most common transport system 
of drugs across cell membranes. Because albuterol has a low 


molecular weight, lipid diffusion most likely accounts for the 
transfer of albuterol through the bronchial mucosa. 

A, C-E See correct answer explanation. 




learning objective: Identify the mechanism of permeation ofbot- 
ulinum toxin through nerve cell membranes. 

2. D Very large molecules cannot permeate cell membranes by 
diffusion or filtration. The only way they can cross cell mem- 
branes is by endocytosis, a process by which a substance is 
bound to the cell surface, engulfed by the cell membrane, and 
carried into the cytosol, where the substance can be released 
by breakdown of the vesicle membrane. 

A-C, E See correct answer explanation. 

Learning objective: Describe the main features of active transport 
of drugs across cell membranes. 

3. A About one fifth of the iodides ingested with foods are selec- 
tively removed from the circulating blood by the Na + -dependent 
secondary active transport system that concentrates iodide in 
thyroid cells 30 to 100 times its concentration in the blood. 
Because radioactive iodine is essentially the same as iodide 
taken with foods, it is transported into the thyroid cells by the 
same secondary active transport system. 

B-E See correct answer explanation. 

Learning objective: Describe the main features of bulk flow trans- 
port of drugs across cell barriers. 

4. A A drug administered subcutaneously will initially be lo- 
cated primarily in the extracellular fluid. In order to be ab- 
sorbed, the drug must enter the general circulation; that is, 
it must cross the capillary wall. Capillaries have very wide 
fenestrae that permit the passage of molecules with a molec- 
ular weight as high as 30,000 daltons (D). Therefore, most 
drugs given by the subcutaneous or intramuscular routes will 
enter the general circulation by bulk flow transport (or filtra- 
tion; also known as solvent drag) through capillary fenestrae. 
Moreover, insulin is a protein with a molecular weight of 
about 6000 D, so it cannot cross the capillary wall by lipid or 
aqueous diffusion through aquaporins (water channels) of cell 
membranes. Bulk flow transport is a passive process and is 
directly proportional to the pressure gradient across the cap- 
illary wall. It does not depend on the structure of the drug 
but only on its molecular size (both lipid- and water-soluble 
drugs can be filtered provided the molecule is not too large). 

B See correct answer explanation. 

C-E Facilitated diffusion, endocytosis, and active transport 
do not seem to be involved in the absorption of insulin from 
the site of injection. 

learning objective: Explain the main mechanistic features of ion 
trapping. 

5. E The Henderson-Hasselbalch equation predicts that a weak 
acid will be more nonionized, and therefore more lipid soluble, 
when p K a is greater than pH. Because the pH of the stomach 


lumen is less than 2, ibuprofen, an acid drug with a p K a of 4.8, 
will be mainly nonionized in the gastric lumen and will read- 
ily penetrate the gastric mucosal cell membranes. Inside the 
mucosal cells, however, the pH is about 7, and the drug will 
become mainly ionized because now the p K & is less than the 
pH. Consequently, the concentration gradient of the nonion- 
ized, lipid-soluble form will remain high, and the drug will 
continue crossing cell membranes. At equilibrium, the con- 
centration of the nonionized moiety of the drug will be the 
same on both sides, but the concentration of the ionized moi- 
ety inside the cell can be 1 5 to 20 times higher than that in the 
gastric lumen, as the ionized moiety is “trapped” inside the 
cell (ion-trapping mechanism). Therefore, the total drug con- 
centration inside the cell will be high. 

A-C Basic drugs are mainly ionized when the p K is higher 
than the pH; therefore, most of the drug will stay in the stom- 
ach lumen. 

D Theophylline, an acidic drug with a p K a of 8.8, is mainly 
nonionized in the stomach lumen and therefore can readily 
penetrate the gastric cell membranes. Inside the gastric cells, 
however, the drug remains mainly non-nonionized (i.e., lipid 
soluble) because the p K is greater than the pH. Therefore, the 
drug will be able to diffuse through the basolateral membrane 
of the cell, thus reaching the extracellular fluids. No ion trap- 
ping occurs, and the drug will not concentrate inside the cells. 

foaming objective: Explain why the lipid and water solubilities of a 
drug are related to their pK and to the pH of the solvent. 

6. F An acidic drug is mainly water soluble when its p K a is lower 
than the pH of the medium. The amount of water solubility is 
proportional to the difference between pH and p K , according 
to the following table 


Dif erence between 
pH and pK 

> 2.0 

2.0 

E 0 

0.5 

0.0 

Percentage 

>99 

99 

90 

76 

50 


Because the pH ofplasma is about 7.4, the drug will be greater 
than 99%water soluble in the patient’s plasma. 

A-E See correct answer explanation. 

learning objective: Describe the ion-trapping mechanism ofdmgs. 

7. D Aspirin is an acidic drug. As a rule, the excretion of an acidic 
drug can be accelerated by alkalinizing the urine, because an 
acidic drug dissociates to its charged, polar form in alkaline 
solution. This form, being water soluble, is “trapped” in the 
tubular lumen and cannot be transported back into the blood 
across the renal tubular cells. Conversely, the urinary excre- 
tion of a weak base may be accelerated by acidifying the urine. 

A Salicylates do not undergo active transport. 

B Salicylate biotransformation by the kidney is negligible. 




C Aspirin was already absorbed, so bioavailability is not 
relevant. 

E Glomerular filtration of a drug is strictly related to the 
renal glomerular filtration rate (GFR). It is very rare for drugs 
to significantly increase GFR. 

Learning objective: Identify the main site of absorption of drugs 
administered by the oral route. 

8. CA11 drugs given by the oral route are primarily absorbed by 
the small intestine. This is because of the very large surface 
area of the small intestine, which is about 250 m 2 and rep- 
resents about 80% of the total area of the gastrointestinal 
tract. Hydrochlorothiazide is an acidic drug with a p K a of 
about 9, so it will be more lipid soluble in the stomach 
(where the pH is less than 2) than in the small intestine 
(where the pH is around 7). Nevertheless, absorption will 
take place mainly in the small intestine because of its enor- 
mous absorptive surface area. 

A Because a drug given orally is swallowed, the oral mu- 
cosa does not contribute to absorption. 

B, D, E See correct answer explanation. 

Learning objective: Calculate the oral bio availability of a drug, 
given sufficient data. 

9. D Oral bioavailability is measured by the ratio AUC 0ra] / AUC, y . 
Drug S gives an oral bioavailability of 0.83, the highest of all 
the listed drugs. 

A-C, E See correct answer explanation. 

Learning objective: Explain why the dosage form of a drug formu- 
lation can affect the oral bioavailability of that drug. 

10. A The amount of drug reaching the portal circulation after 
oral administration can be strongly influenced by the dosage 
formulation. Because only single molecules of the drug can 
pass through the gut wall, the drug must be in solution in 
order to enter the intestinal epithelial cells. For example, a 
tablet must be disintegrated and dissolved before reaching 
the portal circulation. The efficiency of this process depends 
on several factors, including the way the tablet is manufac- 
tured and the excipients used. Once in the portal circulation, 
the drug can be metabolized by the liver, but the hepatic 
clearance will be the same, regardless ofthe different dosage 
forms. Because in this case the same dose of the drug was 
administered, the concentration of the drug in the portal 
vein will be directly proportional to the oral bioavailability 
of the different formulations, which is indicated by the dif- 
ferent AUCs depicted in the figure. 

B-D See correct answer explanation. 


Learning objective: Describe the main characteristics of drug per- 
meation across cell membranes. 

11. A Being a polar drug, ethanol is readily water soluble. Be- 
cause its molecular weight is small, it can cross cell mem- 
branes by aqueous diffusion through aquaporins. 

B-E See correct answer explanation. 

Learning objective: List the main factors affecting the absorption 
of drugs administered by the oral route. 

12. B Strong pain can substantially decrease gastric emptying, 
likely because of the activation of the sympathetic nervous 
system. Because the absorption of drugs by the stomach is 
very small, gastric emptying is a major factor influencing the 
rate of intestinal drug absorption, and its decrease can sig- 
nificantly delay this absorption. 

A, C These factors usually speed up, not delay, the intesti- 
nal absorption of drugs. 

D, E The distribution and elimination (clearance) of drugs 
have nothing to do with absorption. 

Learning objective: Describe the main factors that can increase 
the entry of drugs into the central nervous system. 

13. B The permeability of the blood-brain barrier can be in- 
creased by several factors. Damage to the brain by any cause 
(trauma, infections, tumors, metabolic disorders, cerebro- 
vascular disorders) is one of the most common causes of 
increased blood-brain barrier permeability. 

A, D The first-pass effect is related to the bioavailability of 
a drug. Clearance is related to the elimination of a drug. Pas- 
sage into the brain is related to the distribution of the drug. 
Bio availability, distribution, and elimination are independent 
processes. 

C The permeability of the blood-brain barrier is physio- 
logically increased only in the fetus and the newborn. 

E The high ionization of the drug decreases, not increases, 
the drug entry into the brain. 

Learning objective: Describe the main features of drug-protein 
binding. 

14. B Drugs bind primarily to albumin (if acidic) or to a l acid 
glycoprotein (if basic).The extent to which drugs are bound 
to protein is highly variable (e.g., 0%for lithium, 99%for war- 
farin). Drugs ordinarily bind to protein in a reversible fashion 
and in dynamic equilibrium, according to the law of mass 
action, as shown by the equation 

[Free drug] + [Protein] [Drug-protein complex] 

Mass action kinetics predicts that a constant percentage of 
the drug is bound; therefore, binding is independent of the 
dose (i.e., the kinetics of binding is first order). 

A, C-E See correct answer explanation. 




learning objective: Calculate the degree of ionization of a drug in 
cell fluids using the Henderson-Hasselbalch equation. 

15. A The answer can be found using the Henderson-Hasselbalch 
equation: 


Weak acid: 



Nonionized 

Ionized 


pK-pH 


In the present case, the equation becomes 


T Nonionized 
^ 'ionized " 


2 


Taking the antilog on both sides, the equation becomes 

Nonionized _ 1 

Ionized 100 


and remembering that the total drug (i.e., 100%= 1) is the 
sum of the ionized and nonionized form: 


1 - Ionized _ 1 

Ionized 100 

that is: 


drug factors affecting placental transport include the molec- 
ular size of the drug (drugs with molecular weight greater 
than 1500 D cross the placenta poorly), its physicochemical 
properties (lipophilic drugs diffuse readily; highly ionized 
drugs with molecular weight greater than 200 D cross the 
placenta slowly), and its degree of protein binding (drugs 
highly protein bound cross the placenta slowly). 

Drug P has a very small molecular weight and is not pro- 
tein bound. Because it is 100%ionized, it will be completely 
water soluble and will easily cross the placenta by aqueous 
diffusion through aquaporins. 

BDrug Q will cross the placenta slowly because it is highly 
protein bound. 

C, E Drugs R and T will cross the placenta with difficulty 
because of their high molecular weight. 

D Drug S will cross the placenta with difficulty because it 
is primarily ionized (i.e., water soluble) and is too big to per- 
meate the membranes by aqueous diffusion. 


Ionized = = 0.99 

101 

Therefore, the ionized form will be 99% and the nonionized, 
lipid-soluble form will be 1% 

B-E See correct answer explanation. 

Learning objective: Describe the main factors that can hinder the 
entry of drugs into the central nervous system. 

16. D Drugs may enter the central nervous system (CNS) by 
crossing the cerebral capillaries (i.e., from plasma to the ex- 
tracellular fluid [ECF]) or by crossing the choroid plexus (i.e., 
from plasma to the cerebrospinal fluid [CSF]). The composi- 
tion of CSF is essentially the same as that of brain ECF, and 
there appears to be free communication between the brain 
ECF and CSF. In both of these cases, the drug must cross the 
blood-brain barrier (BBB). The main reasons that this bar- 
rier limits the transfer of drugs into the CNS are (1) endothe- 
lial cells of brain capillaries are connected to each other by 
occluding zonulae and do not have fenestrae, and (2) epithe- 
lial cells of the choroid plexus are connected by occluding 
zonulae. 

A, B These statements are correct, but they do not explain 
the low drug permeability of the blood-brain barrier. 

C Drugs are variably bound to plasma proteins; because 
the bound and free drugs are in equilibrium, even very ex- 
tensively bound drugs can appreciably enter the brain. 

EVery few drugs are completely ionized in the blood. 

Learning objective: Outline the main drug factors that can affect 
the placental transport of a drug. 

17. A The membranes separating fetal blood from maternal 
blood in the intervillous space resemble cell membranes 
elsewhere in their general permeability behavior. Therefore, 


Learning objective: Explain why the volume of distribution (V,) 
can predict, to a certain extent, the pattern of distribution of a 
drug in the body. 

18. B Be cause the volume of plasma in a person weighing 70 kg 
is about 3 F, it can be deduced that drugs with a volume of 
distribution of about 3 F distribute in plasma. In fact, inflix- 
imab is a large molecule that cannot leave the vascular com- 
partment. It binds to and neutralizes TNF-a in the blood, 
thus preventing the actions of this cytokine. 

A, D In these cases, the volume of distribution would be 
greater than 42 L 

C In this case, the volume of distribution would be about 
13 L 

E In this case, the volume of distribution would be about 
42 L 

Learning objective: Calculate the percentage of a drug eliminated 
by the liver, given sufficient data. 

19. FBecause the total clearance is 5.4 I7h, and the hepatic clear- 
ance is 4.86 I7h, the hepatic clearance will be 90%ofthe total 
clearance (4.86/5.40 = 0.9, or 90°%. Therefore, 90% of the 
drug will be eliminated by the liver. 

A, C-F See correct answer explanation. 

Learning objective: Describe the factors affecting the oral bio- 
availability of a drug. 

20. A A large fraction of drug P reaches the portal vein and is 
poorly metabolized by the liver (as seen by the low hepatic 
clearance). This means that a large fraction of the drug can 
reach the systemic circulation; that is, the oral bioavailabil- 
ity of the drug is high. 

B About the same fraction of both drug P and drug Q 
reaches the portal vein. However, the hepatic clearance of 




drug Q is much higher than that of drug P. Therefore, the oral 
bioavailability of drug Q will be lower than that of drug P. 

C-E A lower fraction of these drugs reaches the portal 
vein. Therefore, their oral bioavailability must be lower than 
that of drug P. 

Learning objective: Calculate the hepatic clearance of a drug, 
given sufficient data. 

21. CBy definition, clearance is the volume of blood from which 
all the drug is removed per unit of time. If all of the drug 
were removed by the liver, the liver clearance would equal 
the liver blood flow (volume per unit of time), that is, 1500 
mUmin. Because 20%ofthe drug can reach the general cir- 
culation, it follows that 80% of the drug is removed by the 
liver, that is, the drug contained in 80% of the blood flow. 
Therefore, the liver clearance will be 80%of the liver blood 
flow (0.8 x 1500 miymin = 1200 mUmin). 

A, B, D, E See correct answer explanation. 

Learning objective: Calculate the renal clearance of a drug, given 
sufficient data. 

22. A If the daily urine output is 1 .44 Ud (24 h), the urine flow 
in that subject will be 

Urine flow 1440 miyi440 min = 1 mUmin 

Remembering that the renal clearance (CZ.) of a substance 
is given by 

CL r = (Urine flow x Urine concentration)/Plasma 
concentration 

the renal clearance of that drug will be 

CZ r = (1 m Urn in x 40 mg/mL)/l mg/mL= 40 m Urn in 

B-F See correct answer explanation. 

Learning objective: Calculate the volume of distribution (V d ) of a 
drug, given sufficient data. 

23. BThe volume of distribution (V d ) of a drug is independent of 
the dose. In fact, 

V d =DxFIC p 0 , 

where D = dose,F= fraction absorbed, and Cp 0 =plasma con- 
centration at time 0. 

Ifthe dose is increased by a certain proportion, the plasma 
concentration will also be increased by the same proportion, 
and the V d will remain the same. 

A, C-E See correct answer explanation. 

Learning objective: Explain the consequences of drug induction or 
inhibition of microsomal enzymes. 

24. E When microsomal enzymes are induced, the hepatic 
clearance of a drug increases. Because the hepatic clearance 
of carbamazepine is close to the total clearance, the total 


clearance of the drug will also increase substantially. Re- 
membering that 

<* = 0.7 VJCL, 

where t Vi = half-life, V d = volume of distribution, and CL = 
clearance, the half-life of the drug will decrease. 

A-C These parameters are increased, not decreased, when 
microsomal enzymes are induced. 

D The volume of distribution of a drug does not change 
when the amount of drug reaching the general circulation 
changes. 

learning objective: Describe how the genetic polymorphism of 

P450 isozymes can influence the effects of drugs. 

25. CP450 isozymes show genetic polymorphism, and different 
subgroups have been characterized as poor, intermediate, ex- 
tensive, and ultra-rapid metabolizers. In the case of CYP2C9 
isozyme, more than 20% of Asians are poor metabolizers. 
Therefore, the hematuria of the patient was most likely re- 
lated to the fact that he was a poor metabolizer of warfarin, 
so the anticoagulant effect of the drug was too pronounced. 

A, D, E All these reasons would cause a decrease, not an 
increase, in the warfarin effect. 

B Theoretically, decreased renal excretion of warfarin 
would cause an increase in the warfarin effect. However, 
more than 95%of warfarin is metabolized, so adverse effects 
of warfarin due to variation in renal excretion are unlikely. 

Learning objective: Calculate the oral bio availability of a drug, 

given sufficient data. 

26. B The liver clearance was negligible, so all of the drug reach- 
ing the portal circulation will reach the systemic circulation. 
Because only 40%of the drug reaches the portal circulation, 
the oral bioavailability of the drug is 0.4. ( Note that the liver 
blood flow rate is not needed to solve the problem.) 

A, C-F See correct answer explanation. 

Learning objective: Explain the reason for increased toxicity of 

drugs biotransformed by acetylation. 

27. D Isoniazid is biotransformed mainly by hepatic acetylation, 
which is under genetic control. About one half of people of 
Caucasian origin are slow acetylators because they have an 
inherited deficiency of N-acetyltransferase. Slow acetylators 
have a higher risk of adverse effects with isoniazid. 

A Rifampin can increase, not reduce, the biotransforma- 
tion of many drugs by increasing the synthesis of microsomal 
enzymes. 

B, C, E These pathologic conditions do not cause periph- 
eral neuropathy. 




learning objective: Calculate the therapeutic loading dose of a 
drug, given sufficient data. 

28. CThe dose of a drug can be calculated using the equation 

Dose = V d x Cp 0 /F 

where V d = volume of distribution, Cp 0 = plasma concentra- 
tion at time 0, and F= fraction absorbed. Because the V d of 
the obese patient is twice the V d of a normal-weight per- 
son, the dose must be doubled to 60 mg to achieve the same 
plasma concentration. 

A, B, D-F See correct answer explanation. 

Learning objective: Explain the relationship between first-pass 
effect and oral bio availability. 

29. BIf an orally administered drug is extensively biotransformed 
during its first pass through the gut wall and/or the liver, less 
drug will reach the general circulation. That is, its oral bio- 
availability will be reduced. In fact, buspirone has an oral 
bioavailability of about 5% 

A Absorption (measured by bioavailability) and distribu- 
tion (measured by volume of distribution) are independent 
processes; therefore, volume of distribution is not affected 
by the absorption of the drug. 

C Renal elimination (measured by renal clearance) and 
bioavailability are independent processes; therefore, renal 
clearance is not affected by the absorption of the drug. 

D, E Sublingual and intramuscular administrations avoid 
the first-pass effect. 

Learning objective: Calculate the renal clearance of a drug, given 
sufficient data. 

30. A If 66%of the drug is excreted as such in the urine, its renal 
clearance will be 66%of the total clearance (0.66 x 136), or 
about 90 mL/min. 

B-F See correct answer explanation. 

Learning objective: Calculate the total clearance of a drug, given 
sufficient data. 

31. E The plasma concentration (Cp) of the drug is 2 mg/L ini- 
tially and 1 mg/Lafter 2 hours; therefore, the half-life (f y ) of 
the drug is 2 hours. 

The volume of distribution of the drug (V d ) is given by 

V d = 20 mg/2 mg/L= 1 0 L 
Thus, the total clearance (CL) will be 

CL = 0.7 x V d lty 2 , 

CL= 0.7 x 10 172 h =3.5 L/h 

A-D, F See correct answer explanation. 


Learning objective: Estimate the magnitude of a volume of distri- 
bution of a drug using information from a graph. 

32. E The volume of distribution (V d ) of a drug is given by 

V d = D/C Po , 

where D = dose and Cp 0 = theoretical plasma concentration 
at time 0. Because the dose is the same for all drugs, the drug 
with the lowest Cp 0 (drug T, as seen in the graph) will have 
the largest V d . 

A-D See correct answer explanation. 

Learning objective: Calculate the oral bio availability of a drug, 
given sufficient data. 

33. B The bioavailability can be calculated as 

Vj = D x F/Cp 0 , 

where 1^ = volume ofdistribution, J D = dose,F=oralbioavail- 
ability, and Cp 0 =theoretical plasma concentration at time 0. 
Therefore, rearranging: 

F = (V d x Qp 0 )/D = (100 Lx 1 mg/L)/200 =0.5 

A, C, D See correct answer explanation. 

E, F These options are irrational. Bioavailability cannot be 
higher than 1 (or 100%). 

learning objective: Calculate the administered dose of a drug, 
given sufficient data. 

34. B Because the half-life of cocaine is 1 hour, the plasma con- 
centration of the drug should have been 1 .5 mg/L 1 hour after 
the injection and 3 mg/L immediately after the injection. To 
determine the dose, 

D=Cp x v d = 3 mg/Lx 130 L=390 mg, 

where D = dose, Cp =plasma concentration, and V d = volume 
of distribution. 

The lethal dose of cocaine is about 500 mg in a nonaddicted 
person. Hence the dose taken by the patient was most likely 
high enough to induce coma. 

A, C-F See correct answer explanation. 

Learning objective: Calculate the half-life of a drug, given suffi- 
cient data. 

35. CThe initial plasma concentration (Cp) of the drug would be 

Cp =D/V d = 2000 jig/ 10 L= 200 mg/L, 

where D = dose and V d = volume of distribution. Therefore, 
the Cp will be 100 pg/L after one half-life and 50 pg/L after 
two half-lives. Because this is the concentration after 6 hours, 
the half-life of the drug will be 3 hours. 

A, B, D-F See correct answer explanation. 




learning objective: Identify the half-life of a drug from a graph. 

36. B When a drug is given by intravenous infusion, it will reach 
50%of steady state after 1 half-life. The steady-state plasma 
concentration for drug Xis about 30 mg/mL. From the graph 
it can be seen that 15 mg/mLis reached in 1 hour. 

A The steady state for drug W is about 47 mg/mL. Half 
of this value (about 23 mg/mL) is reached in 2 hours. 

C The steady state for drug Y is about 25 mg/mL. Half of 
this value (about 12 mg/mL) is reached in 2 hours. 

D The steady state for drug Z is about 20 mg/mL. Half of 
this value (about 10 mg/mL) is reached in 2 hours. 

Learning objective: Calculate the total clearance of a drug, given 
sufficient data. 

37. D The steady-state plasma concentration (C, s .) is reached 
when the rate of infusion is equal to the rate of elimination, 
that is, 

D/T= Css x CL, 

where D = dose, T=time, and CL = clearance. From the graph, 
we have C = 3 mg/L. 

Therefore, 

CL = (D/T)/C s , 30 mg/h/3 mg/L= 10 I7h 

A-C, E, F See correct answer explanation. 

Learning objective: Calculate the plasma concentration of a drug, 
given sufficient data. 

38. CThe kinetics of drug absorption, distribution, and elimina- 
tion is defined as zero order (or saturation kinetics) when 
a constant amount of the drug is absorbed, distributed, or 
eliminated per unit of time. If the plasma concentration of 
the drug was 8 mg/L 3 hours after the administration and 
7 mg/L 1 hour later, this means that 1 mg/L of the drug is 
lost every hour. Therefore, the drug was 9 mg/L2 hours after 


the administration, 1 0 mg/L 1 hour after the administration, 
and 1 1 mg/Limmediately after the administration. 

A, B, D-F See correct answer explanation. 

Learning objective: Estimate the order kinetics of a drug from a 
graph. 

39. CThe concentration-time curve is a straight line, which in- 
dicates that a constant amount of a drug is eliminated per 
unit of time. Therefore, the drug follows zero-order kinetics. 
The three main drugs that follow zero-order, rather than first- 
order, kinetics are ethanol, salicylic acid, and phenytoin. 

A, B, D-F All these drugs, like most drugs used clinically, 
follow first-order kinetics. 

Learning objective: Calculate the plasma concentration of a drug 
at the steady state, given sufficient data. 

40. C Because the half-life of the drug is 3 hours, 75% of the 
plasma concentration of the drug at the steady state will be 
reached in two half-lives, that is, at 2:00 p.m. The plasma 
concentration of the drug at 2:00 p.m. is 60 pg/mL. This rep- 
resents 75%of the plasma concentration of the drug at the 
steady state. Therefore, at the steady state the plasma con- 
centration will be 80 pg/mL(60 ^ 0.75). 

A, B, D-F See correct answer explanation. 
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Answers and Explanations: 1-2 Pharmacodynamics 


foaming objective: Explain the most likely consequence of chronic 
blockade of drug receptors 

1 . C When receptors are chronically blocked, the number of those 
receptors may increase over time, a process called receptor 
upregulation. The effector response will be greater than usual 
if the blockade is abruptly removed. 

ABy definition, spare receptors are not involved in receptor 
activation or blockade. 

B G-protein synthesis is not under (3-receptor control. Block- 
ade of (3 receptors prevents the activation, not the synthesis, 
of G proteins. 


D Phosphorylation desensitizes the receptor. This can occur 
after repeated activation of the receptor, not after repeated 
blockade. 

E Beta-receptor blockade can affect the synthesis of cAMP 
but not the ability of the cell to respond to cAMP that has 
already been synthesized. 



learning objective: Define the term stereoselectivity. 

2. C Apeculiar property of receptors is stereoselectivity, mean- 
ing that they often bind only one enantiomer of a racemic 
pair. 

A Intrinsic activity refers to the ability of a drug (once 
bound to a receptor) to initiate changes that lead to a biologic 
response. 

B Affinity refers to the strength of drug binding to a 
receptor. 

D Potency refers to the dose of a drug required to produce a 
given effect. 

E Variability refers to the fact that the number of receptors 
can vary with time. 

F Maximal efficacy refers to the maximal effect that can be 
produced by a drug. 

Learning objective: Define the term a//vnity(ofa drug). 

3. D Affinity is the tendency of a drug to bind to a receptor. 
According to the occupation theory, binding to a receptor is 
driven by the law of mass action; that is, the number of bound 
receptors increases when the number of available drug mole- 
cules increases. Suppose that 100 receptors are exposed to 
1000 molecules of drug A or to 1000 molecules of drug B. Also 
suppose that, in this instance, 40 molecules of drug A are 
found to be bound to the receptors, but only 10 molecules of 
drug B are bound to the receptors. It can be concluded that 
receptor affinity of drug A is greater than that of drug B. 

A Intrinsic activity (often intrinsic efficacy is used as a syn- 
onym) refers to the ability of a drug (once bound to a recep- 
tor) to initiate changes that lead to a biologic response. 

B Potency refers to the dose of a drug required to produce a 
given effect. The lower the dose required to produce the ef- 
fect, the higher the potency. 

C Maximal efficacy refers to the maximum effect produced 
by the drug. 

E Receptor activation is related to the drug’s intrinsic activ- 
ity (the higher the intrinsic activity of a drug, the higher the 
amount of receptor activation brought about by that drug). 

Learning objective: Explain how the graded log dose-response 

curve can be used to determine the relative potency of two drugs. 

4. CBy definition, potency refers to the dose needed to produce 
a given effect. In a graded log dose-response curve, potency 
can be readily estimated by reading the dose on the abscissa 
(x-axis) corresponding to a given effect read on the ordinate 
(y-axis). Potency is inversely proportional to the dose needed 
to produce a given effect; the lower the dose, the greater the 
potency. 


A Unless the toxic doses of the two drugs are the same, 
therapeutic index can tell nothing about the relative potency 
of the two drugs. 

B The maximal response of each drug is termed its maximal 
efficacy. Potency and efficacy are independent variables. 

D, E Volume of distribution and clearance are pharmacoki- 
netic variables. Potency is a pharmacodynamic variable. 

Learning objective: Calculate the equieffective dose of a new drug 

given to a patient when the old drug must be suspended because 

of adverse effects. 

5. E Because naproxen was therapeutically effective, it is ratio- 
nal to start the therapy with an equieffective dose of the new 
drug. Celecoxib is ~5 times more potent than naproxen, so a 
dose 5 times lower, or 100 mg, should be equieffective. 

A-C, D, F See correct answer explanation. 

learning objective: Define the term functional antagonism. 

6. B Glucagon is sometimes used to treat (3-blocker overdose. By 
blocking (3j receptors in the heart, (3-blockers lead to a dose- 
dependent decrease in heart contractility. Glucagon-induced 
activation of glucagon receptors leads to an increase in heart 
contractility. When a drug response mediated by the acti- 
vation of a receptor is antagonized by an opposite response 
produced by another drug acting on a different set of recep- 
tors, the antagonism is defined as functional (also called 
physiologic). 

A, C-E See correct answer explanation. 

Learning objective: Define the term partial agonist. 

7. C Because, by definition, a partial agonist can activate each 
receptor only partially, it will produce less than the full effect 
even when it has occupied 100%ofreceptors. Moreover, in the 
presence of a full agonist, a partial agonist will behave as an 
agonist when the concentration of the full agonist is low, but 
it will behave as an antagonist when the concentration of the 
full agonist is high. 

The tested drug was most likely a partial agonist at (3 t re- 
ceptors. At rest, when the norepinephrine levels are low, the 
drug causes a little increase in heart rate by partially activat- 
ing |3 1 receptors. After exercise, when the levels of norepi- 
nephrine are high, the drug behaves as an antagonist, thus 
decreasing the heart rate. 

A, B, D-F See correct answer explanation. 



learning objective: Define the term competitive antagonist. 

8. EBy definition, a drug without intrinsic activity is one that 
is able to bind receptors but is not able to activate them. 
Therefore, it is defined as an antagonist. When the binding is 
reversible, the antagonism is referred to as competitive, and 
the drug is a competitive antagonist. 

A-D, F See correct answer explanation. 

Learning objective: Describe the drug parameters that can be de- 
termined from a plot of a cumulative frequency distribution of 
responders versus log dose. 

9. B The cumulative frequency distribution of subjects show- 
ing a desired effect when treated with increasing doses of a 
drug is called a quantal log dose-response curve. From this 
curve, the dose that can produce that effect in 50%of indi- 
viduals (called the median effective dose) can be read on the 
abscissa (x-axis). 

A Affinity is the tendency of a drug to bind to a receptor. It 
can be measured by plotting the fraction of receptors bound 
by a drug against the log of the drug concentration. It cannot 
be measured from a quantal log dose-response curve. 

C, D The therapeutic index is a ratio between the toxic 
(TD 50 ) and the effective (ED 50 ) dose of a drug. The therapeu- 
tic window is the interval between the minimum effective 
dose (ED n and the minimum toxic dose (TDj). In order to 
measure these variables, two quantal log dose-effect curves 
are needed. 

E Maximal efficacy is the maximal effect a drug can pro- 
duce. It can be measured with a grade log dose-response 
curve, but not with a quantal log dose-response curve. 

Learning objective: Identify the log dose-response curve of an 
agonist when a fixed dose of a competitive antagonist is given 
concomitantly. 

10. E When a dose of a competitive antagonist is given in the 
presence of a dose of a full agonist, the apparent affinity of 
the agonist for its receptor is decreased, as some receptors 
will be occupied by the antagonist. Therefore, the dose- 
response curve of an agonist in the presence of a fixed dose 
of a competitive antagonist will be shifted to the right, but 
the maximal response will not be affected because the com- 
petitive antagonism is surmountable. In other words, all the 
receptors can be occupied by the agonist even in the pres- 
ence of a competitive antagonist, provided that the amount 
of the agonist is high enough to displace all of the antagonist 
that is present (remember that the interaction between drugs 
and receptors is driven by the law of mass action). 

A-D See correct answer explanation. 


Learning objective: Identify the log dose-response curves of two 

drugs that can fully activate the same receptors. 

11. B Drugs P, R, and S can all produce the same maximal effect. 
However, curves P and Rare parallel, whereas curve S is not. 
This suggests that drugs P and Ract on the same receptors, 
whereas drug Smost likely acts through different receptors. 

A, C-F See correct answer explanation. 

Learning objective: Identify the highest ED 50 of a drug from a 

graph of multiple log dose-response curves. 

12. EThe depicted curves are graded log dose-effect curves. In 
this type of curve, the ED 50 of a drug is defined as the dose 
producing 50%of the maximum effect. It can be estimated 
from the dose on the abscissa (x-axis) that corresponds to 
the 50% of maximum effect on the ordinate (y-axis). From 
the graph it can be seen that drug Thas the highest ED 50 . 

A-D See correct answer explanation. 

Learning objective: Define the therapeutic window of a drug. 

13. EThe therapeutic window is the interval between the mini- 
mum therapeutic dose (or plasma concentration) and the 
minimum toxic dose (or plasma concentration) of a drug. 
Because doses below the minimum therapeutic dose are by 
definition ineffective, and doses above the minimum toxic 
dose are, by definition, toxic, this window defines the range 
of doses that have a high probability of therapeutic success. 

A Intrinsic activity refers to the ability of a drug (once 
bound to a receptor) to initiate changes that lead to a bio- 
logic response. 

B Efficacy refers to the maximal effect that a drug can 
produce. 

C Potency refers to the dose of a drug required to produce 
a given effect. 

D The therapeutic index is a ratio between a toxic dose 
and an effective dose of a drug. Like the therapeutic window, 
it is an index of the safety of a drug, but it is a single value 
and therefore cannot predict the range of doses that are both 
safe and effective. 

F Response variability refers to the range of responses, not 
to the doses eliciting the responses. 




learning objective: Identify the drug parameter that is increased 
when a drug effect undergoes tolerance. 

14. B By definition, tolerance is a decreased responsiveness to 
the action of a drug. Therefore, a higher dose of that drug will 
be necessary to obtain the given effect in 50%of the popula- 
tion (the median effective dose [ED 50 ]) when tolerance has 
occurred. 

A The maximal efficacy refers to the maximum effect 
achievable if the dose is taken to very high levels. In tolerant 
subjects, maximal efficacy may still be achieved, even if 
higher doses are needed to obtain it. 

CThe therapeutic index is the ratio between a toxic dose 
and an effective dose. Because the effective dose is increased 
as a result of tolerance, the therapeutic index is expected 
to decrease or to remain the same (if the toxic dose is also 
increased). 

D Potency, which refers to the dose of the drug needed 
to produce a given effect, is decreased when tolerance has 
occurred. 

E Tolerance can be due to increased metabolism of the 
drug. In this case, however, the half-life would be decreased, 
not increased. 

foaming objective: Explain the meaning of the term tachyphylaxis. 

15. B Tachyphylaxis refers to a drug tolerance that appears rap- 
idly (in a matter of hours) and also disappears rapidly when 
the drug is withdrawn. So, the first cigarette caused tachy- 
cardia because tolerance to nicotine effects disappeared over- 
night, but tolerance to those effects was rapidly resumed 
when smoking was reinstated. 

A Cross-tolerance refers to tolerance to a drug that is 
shared by other drugs with similar chemical structure and/ 
or similar pharmacological effects. 

C Tolerance is called pharmacokinetic when it is due to a 
decrease in the effective concentration of the drug at the site 
of action. 

D Innate tolerance refers to a genetically determined lack 
of sensitivity to a drug that is observed the first time the 
drug is administered. 

E Sensitization refers to a drug response that increases 
with the repetition of the same dose of that drug. 

learning objective: Explain the mechanisms of pharmacodynamic 
tolerance. 

16. D Opiates exhibit pharmacodynamic tolerance, which can be 
defined as the decreased responsiveness to the action of a 
drug whose concentration at the site of action remains the 
same. The most common mechanism underlying pharmaco- 
dynamic tolerance is receptor downregulation; a decrease 
in receptor density. 


Other listed mechanisms refer to homeostatic adaptive 
changes of the organism that counteract the drug effect. 

A, E Tolerance due to increased metabolism of the drug and 
to decreased concentration of the drug at the site of action is 
called pharmacokinetic, not pharmacodynamic, tolerance. 

B, CThese events would have increased, not decreased, the 
effects of morphine. 

learning objective: Explain the mechanisms of pharmacodynamic 

tolerance. 

17. B Tolerance can be defined as a state of decreased respon- 
siveness to the action of a drug that results from prior expo- 
sure to that drug or to a related drug. Drug tolerance can 
involve a decreased concentration of the drug at the site of 
action, due mainly to an increased biotransformation of the 
drug (pharmacokinetic tolerance), or it can occur even when 
the concentration of the drug at the site of action is not 
modified (pharmacodynamic tolerance). In the latter case, 
the underlying mechanism can be either a decreased num- 
ber of receptors (the most common), a change in the postre- 
ceptor mechanisms, or homeostatic adaptive changes that 
counteract the drug effect. Homeostatic adaptive changes 
seem especially important in tolerance to ethanol. In fact, 
central nervous system (CNS) effects are more pronounced 
when ethanol concentrations reaches a certain level than 
when the same concentration is present during recovery 
from drunkenness. This indicates that homeostatic adaptive 
changes occurred in the CNS during the intoxication period. 

A, C, D These mechanisms explain pharmacokinetic, not 
pharmacodynamic, tolerance. 

E Adecreased, not increased, number of receptors can ex- 
plain pharmacodynamic tolerance. 

foaming objective: Define the term drug potentiation. 

18. B Although benzodiazepines are no longer first-line agents 
for generalized anxiety disorder, they are still used when 
other drugs are poorly tolerated or ineffective, as most likely 
occurred in this case. Potentiation occurs when a drug en- 
hances the effect of another drug but is devoid of that effect 
when given alone. Cimetidine is devoid of sedative effects 
but can increase the sedative effect of diazepam by inhibit- 
ing hepatic metabolism of diazepam metabolism. 

A Additive effect occurs when the response elicited by 
combined drugs is equal to the combined responses of the 
individual drugs. 

C Synergism occurs when the response elicited by com- 
bined drugs is greater than the combined responses of the 
individual drugs. 

D, E These terms refer to drug effects that increase over 
time when the drug is given chronically. 



learning objective: Define the term drug synergism. 

19. C A drug interaction is defined as synergistic when the re- 
sponse elicited by combined drugs is greater than the com- 
bined responses of the individual drugs. In other words, the 
response elicited by the drug combination is more than sim- 
ply additive. In the present case, the effects of the individual 
drugs are bacteriostatic, whereas the effect of the combined 
drugs is more than an additive bacteriostatic effect (by defi- 
nition, a bactericidal effect is greater than a bacteriostatic 
effect). The interaction is therefore defined as synergism. 

A Additive effects occur when the response elicited by 
combined drugs is equal to the combined responses of the 
individual drugs. 

B Potentiation occurs when a drug enhances the effect of 
another drug but is devoid of that effect when given alone. 

D, E These terms refer to drug effects that increase over 
time, when the drug is chronically given. 

learning objective: Define the term chemical antagonism. 

20. D Chemical antagonism is said to occur when a drug com- 
bines chemically with the drug to be antagonized, making 
that drug pharmacologically inactive, as in the present ex- 
ample. Achemical antagonist does not act on receptors or on 
the pharmacokinetics of the drug to be antagonized. 

A-C, E See correct answer explanation. 

Learning objective: Identify the law that regulates the relationship 
between drug concentration and the association and dissociation 
of the drug-receptor complex. 

21 . D According to the law of mass action, the number of recep- 
tors occupied by a drug depends on the drug concentration 
and the affinity ofthe drug-receptor complex. In other words, 
the higher the concentration (i.e.,mass) ofthe drug, the higher 
the number of receptors occupied by the drug. 

A, E These factors depend on receptor activation and on 
the association and dissociation of the drug-receptor com- 
plex, but they do not regulate them. 

B, C These are pharmacokinetic parameters. Pharmacoki- 
netic changes do not regulate pharmacodynamic properties. 

Learning objective: Define the process initiated by drug-receptor 
binding and ending with the therapeutic effect. 

22. C The detailed molecular pathway that starts from the 
drug binding to its receptor and leads to a measurable phar- 
macological effect is called the signal transduction pathway. 
It can include several steps that occur following the acti- 
vation of the receptor and are termed postreceptor mecha- 
nisms. An example of a postreceptor mechanism is the 
opening of ion channels, or the activation of G proteins, 
which in turn causes the increased or decreased synthesis of 
second messengers. These messengers ultimately produce a 


pharmacological effect, often through the activation of differ- 
ent protein kinases. 

A, B, D, E See correct answer explanation. 

Learning objective: Describe the immediate consequence ofthe 

activation of metabotropic receptors. 

23. D When a metabotropic receptor, e.g., the (3 0 receptor, is 
activated, it binds to a G protein, which undergoes a confor- 
mational change leading to a free guanosine triphosphate 
(GTP)-a subunit that can regulate a membrane enzyme or an 
ion channel. 

A-C These are consequences of G-protein activation, not 
the immediate event following the activation of metabo- 
tropic receptors. 

E Activation of a G protein can ultimately cause phosphor- 
ylation of many proteins, thus controlling their function, but 
the Gprotein does not undergo phosphorylation. 

Learning objective: Identify which drug is more potent and which 

drug is more effective, given sufficient data. 

24. D Potency of a drug refers to the dose of that drug needed to 
obtain a given effect. Because 10 mg of morphine is needed 
to get an analgesic effect equal to that given by 0.3 mg of bu- 
prenorphine, morphine is less potent than buprenorphine. 

Efficacy refers to the maximal effect produced by a drug. 
By definition, partial agonists have a maximal efficacy lower 
than that of full agonists. Because morphine is a full agonist 
and buprenorphine a partial agonist at the same receptor, 
buprenorphine is less effective than morphine. 

A-C See correct answer explanation. 

learning objective: Identify the most potent among different 

drugs, given sufficient data. 

25. A Potency refers to the dose needed to achieve a given effect. 
Therefore, the lower the dose, the higher the potency. Be- 
cause the ED 50 is the dose needed to obtain a given effect 
in 50%of individuals receiving the drug, drug A is the most 
potent. Potency has nothing to do with efficacy, which refers 
to the maximum attainable effect, irrespective of the dose 
given. In fact, in the present case, drug A is the most potent 
and the least effective. 

B-E See correct answer explanation. 

Learning objective: Define the term additive ef ects. 

26. C In the present case, the response elicited by combined 
drugs (8 Lofurine) is equal to the combined responses ofthe 
individual drugs (5 L+ 3 L). When this occurs, the drug-drug 
interaction is referred to as additive. In other words, the ef- 
fect of the two drugs used together is the sum of their indi- 
vidual effects. 

A, B, D, E See correct answer explanation. 



learning objective: Identify the response time to activation of ste- 
roid receptors. 

27. E Drugs that activate nuclear receptors to affect transcrip- 
tion usually have a relatively long response time following 
receptor activation. These drugs regulate gene transcription, 
which in turn causes an increase or decrease of synthesis of 
specific proteins. This is consistent with the observation that 
there is a time lag of hours or days between drug adminis- 
tration and the therapeutic effect of these drugs. 

B-E See correct answer explanation. 

Learning objective: Identify the drug with the highest affinity for 
the receptor from a graph of multiple log dose-response curves. 

28. A Affinity is defined as the tendency of a drug to bind to its 
receptor. For drugs acting on the same receptors, affinity is 
directly proportional to the potency of the drug. From the 
graph it can be seen that drug P is the most potent and there- 
fore has the greatest affinity for the receptor. 

B-E See correct answer explanation. 

foaming objective: Define the term inverse agonist. 

29. CAlthough most receptors are activated only when an agonist 
molecule is bound, it has been shown that some receptors 
can show an appreciable level of activation (called constitu- 
tive activation) even when no ligand is present. Examples 
include receptors for gamma-aminobutyric acid (GABA), 
cannabinoids, and serotonin. Drugs acting on these recep- 
tors are 

• Defined as agonists if they increase the level of constitu- 
tive activation (e.g., drug Y) 

• Defined as inverse agonists if they decrease the level of 
constitutive activation (e.g., drug X) 


• Defined as antagonists if they do not change the level of 
constitutive activation but can antagonize the effects of 
both agonists and inverse agonists (e.g., drug Z) 

Constitutive activation is a relatively recent discovery and 
may prove to be of greater pharmacological significance in 
the future. 

A, B, D, E See correct answer explanation. 

foaming objective: Describe the placebo effect of a drug. 

30. E When a plasma level of a drug administered 1 hour previ- 
ously is equal to zero, a pharmacological effect of the drug is 
exceedingly unlikely. Therefore, the pain relief must be due 
to an effect that is independent from the pharmacological 
action ofthe drug and operates through psychological mech- 
anisms (i.e., a placebo effect). Placebo effect is common in 
drug therapy. It is always present (more or less pronounced) 
in any drug effect, even for drugs whose efficacy is undis- 
puted. On average, 35%of diseases are favorably influenced 
by a placebo treatment. 

A-C All these factors would have caused a significant 
plasma level ofthe drug. 

D Poor patient compliance cannot explain a good pharma- 
cological effect. 
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Answers and Explanations: 1-3 Adverse Effects ofDrugs 


learning objective: Describe the mechanism of adverse side ef- 
fects of drugs. 

1. C According to the most accepted definition, a side effect is 
an unintended but not toxic pharmacological response to a 
normal therapeutic dose of a drug. Therefore, the adverse ef- 
fects ofthe drug in this patient are classic side effects and are 
a consequence of a drug-receptor interaction. In fact, all anti- 
histamines used for motion sickness have sedative effects that 
result from activation of central ¥L l receptors, as well as anti- 
cholinergic effects that are due to blockade of peripheral cho- 
linergic receptors. 

A, B, D, E See correct answer explanation. 


Learning objective: Estimate the risk of overdose toxicity, given 
sufficient data. 

2. E The risk of overdose toxicity can be estimated from the 
therapeutic index of a drug, which is the ratio between a 
harmful dose (lethal, in this case) and an effective dose of that 
drug (median effective dose, in this case). The lower the ther- 
apeutic index, the higher the risk of overdose toxicity. Be- 
cause the lethal dose is the same for all drugs, the drug with 
the highest median effective dose will be the drug with the 
lowest therapeutic index and thus the highest risk of over- 
dose toxicity. 

A-D See correct answer explanation. 



learning objective: Explain the meaning of overdose toxicity of a 
drug. 

3. A Bleeding is the major adverse effect of anticoagulants and 
is a direct consequence of their pharmacological action. It is 
therefore due to a dose that is too high for that patient (i.e., 
overdose toxicity). This risk can be decreased by careful con- 
trol of dosage and close monitoring with appropriate lab tests. 
Hematuria (microscopic, or less frequently, macroscopic, as 
in the present case) is usually the first sign of overdosage, but 
bleeding in the nose, oral pharynx, or intestinal tract is also 
common. 

B-E See correct answer explanation. 

Learning objective: Describe the idiosyncratic reaction to thio- 
pental in a patient with a genetic deficiency of heme biosynthetic 
pathway enzymes. 

4. C Barbiturate-induced attacks of acute porphyria in geneti- 
cally susceptible people are a well-known example of idiosyn- 
cratic drug reaction. These patients have a genetic deficiency 
of heme biosynthetic pathway enzymes. The heme normally 
functions as a repressor of d-aminolevulinate synthase (ALA 
synthase), the enzyme that regulates the rate-limiting step in 
porphyrin biosynthesis. Barbiturates induce the synthesis of 
cytochrome P-450 in the liver. This leads to an enhanced con- 
sumption ofheme, which is a component of cytochrome P-450, 
and the concentration ofheme in the liver cells decreases. The 
lower concentration ofheme enhances the synthesis of ALA 
synthase (derepression), which in turn stimulates the synthe- 
sis of porphyrins. These intermediates accumulate, as they 
cannot be transformed into heme due to the deficiency of an 
enzyme in the heme biosynthetic pathway. 

Attacks of acute intermittent porphyria can be very serious 
and (rarely) fatal. The patient’s family history is the best indi- 
cator of the risk of acute intermittent porphyria. 

A, B, D, E All of these options are unlikely. 

Learning objective: Describe the best course of action for a pa- 
tient under warfarin therapy who becomes pregnant. 

5. C Warfarin is a teratogenic drug (category D includes drugs 
with a positive evidence of human prenatal risk). Expo- 
sure to warfarin during the first trimester may cause several 


malformations, including eye anomalies, dwarfism, congeni- 
tal heart disease, and deafness. Fetal death can also occur. 
Heparin is a parenteral anticoagulant that is not harmful to 
the fetus because it is a large molecule (molecular weight 
15,000 daltons [D]) and therefore does not cross the placenta. 
All penicillins are considered safe during pregnancy. 

A This choice is irrational. Patients with artificial heart 
valves must receive anticoagulant therapy. 

B The teratogenic risk of warfarin extends to the second 
and third trimesters of pregnancy. Exposure in these periods 
may cause central nervous system anomalies, including hy- 
drocephalus, mental retardation, seizures, and spasticity. 
Moreover, when given shortly before delivery, it may cause a 
hemorrhagic effect in the newborn. 

D See correct answer explanation. 

E Reducing the dose of warfarin could reduce the risk to 
the fetus (teratogenic effects are also related to the dose of the 
offending drug) but does not avoid it. Moreover, reducing the 
dose will most likely reduce the effectiveness of the therapy 
for the mother. 

Learning objective: Compare the therapeutic windows of different 
drugs, given sufficient data. 

6. BBy definition, the therapeutic window of a drug is the range 
between the minimum therapeutic dose (or plasma concen- 
tration) and the minimum toxic dose (or plasma concentra- 
tion) ofa drug. The wider this range, the higher the probability 
of therapeutic success. However, because the range is a rela- 
tive measure, in order to compare therapeutic windows of 
different drugs, the ratio between the minimum toxic concen- 
tration and the minimum therapeutic concentration of each 
drug needs to be calculated, which means calculating their 
therapeutic index. Alarge therapeutic index represents a wide 
therapeutic window; a small therapeutic index represents a 
narrow therapeutic window. Therefore, the therapeutic index 
can be thought of as a way to quantify the therapeutic win- 
dow of a drug. In this example, drug Q needs a dose 10 times 
higher than the minimum therapeutic dose in order to show 
toxicity. For all other drugs, a dose 2 to 4 times higher than 
the minimum therapeutic dose is enough to cause toxicity. 

A, C-E See correct answer explanation. 




learning objective: Identify the enzyme involved in an idiosyn- 
cratic reaction to chloroquine. 

7. B The genetic polymorphism of glucose-6-phosphate dehy- 
drogenase (G6PD) is pronounced; over 400 mutant forms of 
the enzyme have been identified. Only some of these muta- 
tions cause clinical symptoms because their activity is 1 to 
15%of normal. G6PD deficiency is X-linked and is the most 
common disease-producing enzyme abnormality in humans; 
more than 200 million people are estimated to carry the 
trait. The defect is fully expressed in males and affects about 
10% of African American males. Diminished G6PD activity 
impairs the ability to form NADPH, the reduced form of nic- 
otinamide adenine dinucleotide phosphate, which is essen- 
tial in detoxification of free radicals and peroxides formed 
within cells. Although the deficiency occurs in all cells, it is 
more severe in erythrocytes, where the hexose monophos- 
phate provides the only means of generating NADPH. Thus, 
red blood cells are especially sensitive to factors such as in- 
fections, diabetic acidosis, and oxidant drugs that cause oxi- 
dative damage of the cell and lead to hemolysis. Commonly 
used drugs that produce hemolytic anemia in patients with 
G6PD deficiency are some antimalarials (e.g., primaquine, 
chloroquine, and quinine), some sulfonamides (e.g., sulfa- 
methoxazole), and some salicylates. 

A, C-E See correct answer explanation. 

Learning objective: Identify the antibiotic contraindicated in a pa- 
tient with a previous serious allergic reaction to sulfa drugs. 

8. A Because the woman had a serious hypersensitivity to 
sulfa drugs, any agent having a sulfur atom in its molecule 
(sulfamethoxazole, in this case) should be avoided, as cross- 
sensitivity usually occurs in drugs with similar chemical 
structure. 

B-E See correct answer explanation. 

Learning objective: Define the ED 50 of a drug. 

9. C By definition, the dose able to elicit a specific response 
(sleep, in this case) in 50%of individuals receiving the drug 
is called the median effective dose (ED 50 ). 

A, B, D, E See correct answer explanation. 

Learning objective: Describe the fetal phenytoin syndrome. 

10. B Many first generation anticonvulsant drugs are classified 
category D or X by the U.S. Food and Drug Administration 
(FDA). The syndrome exhibited by this newborn baby is 
called fetal phenytoin syndrome and may include nearly all 
possible types of malformations. It is now recognized that 
this syndrome has been linked to other first generation anti- 
convulsants and occurs in about 4%ofthe children of epilep- 
tic women who receive this therapy during pregnancy. Yet, 
because uncontrolled generalized seizures during pregnancy 


can lead to fetal injury and death, treatment with second 
generation anticonvulsants is generally advisable. 

A Methyldopa is the antihypertensive of choice during 
pregnancy because very few adverse effects have been re- 
ported in neonates exposed to this drug in utero, despite its 
extensive use. 

C Erythromycin is considered safe during pregnancy (FDA 
prenatal risk category B). 

D, E These drugs were given during the delivery, so they 
could not be associated with the malformations of the new- 
born baby. 

learning objective: Describe the main features of overdose toxic- 
ity of a drug. 

11. E The very high serum creatinine level indicates renal fail- 
ure. The nocturia reported by the patient is often an early 
symptom, principally due to a failure to concentrate the 
urine. Aminoglycoside antibiotics such as gentamicin can 
cause nephrotoxicity when given at high doses, and the 
gentamicin serum level points out that the drug had reached 
a too-high steady-state concentration. The mechanism of 
aminoglycoside-induced renal failure is complex but seems 
to be mainly related to a destruction of brush border cells of 
the renal tubule. 

A, B Certain renal diseases (e.g., tubulointerstitial nephri- 
tis) may be caused by drug hypersensitivity, but aminogly- 
coside antibiotics rarely cause sensitization, and the high 
gentamicin concentration indicates that overdose toxicity 
is the most likely drug reaction. 

C, D See correct answer explanation. 

Learning objective: Identify the main type II allergic reactions to 
penicillins. 

12. D The signs of the patient (skin rash, eosinophiluria) suggest 
that his disease was caused by an allergic reaction. The most 
frequent cause of tubulointerstitial nephritis is a type II al- 
lergic drug reaction. Allergic tubulointerstitial nephritis is 
rather common and is the underlying cause of up to 3%of 
all cases of acute renal failure. The disease can be caused by 
many different drugs, including antibiotics, diuretics, and 
nonsteroidal antiinflammatory drugs (NSAIDs), but penicil- 
lins are most frequently implicated. Recognition of a drug- 
related cause is important, because severe renal damage is 
often preventable and reversible. 

A-C, E See correct answer explanation. 

Learning objective: Describe the main type HI allergic reactions to 
drugs. 

13. EThe patient was most likely suffering from serum sickness, 
a type III allergic reaction to drugs characterized by acute 
urticaria and angioedema or by morbilliform eruptions, often 
accompanied by polyarthritis, myalgia, and fever, due to an 




excessive formation of immune complexes. The antigen- 
antibody complex usually precipitates very quickly and, 
being phagocytosed by macrophages, elicits no reaction. If 
the antigen is in excess to the antibody, however, the im- 
mune complexes may remain soluble in the blood and con- 
tinue to circulate. Eventually they may deposit on the walls 
of blood vessels at basement membranes, causing comple- 
ment activation and local inflammation. Penicillins are typi- 
cal causative agents of serum sickness. 

A-D See correct answer explanation. 

learning objective: Describe the main type IVallergic reactions to 
drugs. 

14. E The patient was likely suffering from contact dermatitis, 
which is an adverse effect common to many drugs given 
locally. Topical doxepin, which is effective in many cases of 
pruritus, is especially prone to cause this adverse effect. 
Contact dermatitis is the most common manifestation of 
type IV (cell-mediated) allergic reaction. Patients may be- 
come allergic to drugs used to treat skin diseases. It takes 
6 to 10 days (in the case of strong sensitizers) to years (for 
weaker sensitizers) for patients to become sensitized. Con- 
tact dermatitis may resemble other types of dermatitis, but 
skin changes and the history of exposure facilitate the 
diagnosis. 

A-D All of these options are unlikely because of the his- 
tory of exposure and the result of the patch test. 

Learning objective: Describe the idiosyncratic drug reactions due 
to a genetic deficiency of the reduced form of nicotinamide ade- 
nine dinucleotide (NADH)-methemoglobin reductase. 

15. C The patient was most likely suffering from a genetically 
determined abnormal reaction to sulfamethoxazole. Several 
drugs, including sulfonamides, some local anesthetics, nitrites, 
primaquine, and dapsone, can cause methemoglobinemia. 
Patients with a genetic deficiency ofNADH-methemoglobin 
reductase are especially sensitive to drug-induced methe- 
moglobinemia, because they lack the enzyme that reduces 
methemoglobin to hemoglobin. 

A, B, D, E See correct answer explanation. 

Learning objective: Outline the most important determinant of 
allergic drug reaction. 

16. B Some drugs cause allergic reactions very rarely, whereas 
other compounds (obviously not used as drugs) can cause 
sensitization in all exposed subjects. Therefore, the drug 
structure is the major determinant of the frequency of an 
allergic reaction to a drug. 

A Even if in some rare occurrences the dose can be a fac- 
tor predisposing to allergy (i.e., penicillin-induced hemolytic 
anemia requires high and sustained drug concentrations), 


the occurrence and the severity of an allergic reaction are 
not dose-dependent in most cases. 

C The bioavailability refers to the fraction of the drug 
reaching the general circulation. Because allergy is not re- 
lated to dose, bioavailability is not an important factor for an 
allergic drug reaction. Moreover, the oral route carries the 
lowest risk of allergic reaction. 

D The genetic pedigree is important for idiosyncratic drug 
reactions. 

E The patient’s liver and kidney functions are important 
factors for drug overdose toxicity. 

Learning objective: Describe the appropriate procedure to mini- 
mize the risk of an allergic drug reaction. 

17. E A detailed personal and family history should be the first 
procedure to undertake in order to minimize the risk of an 
allergic drug reaction. This should include information about 
prior allergic and medication encounters, prior exposure to 
the same or structurally related medications, and the nature 
and severity of the reaction. This information can alert the 
physician about certain types of compounds to which the 
patient is likely to react. 

A Giving a small dose is not a safeguard against allergic 
reaction to a drug because the seriousness of an allergic re- 
action is not related to the dose given. 

B Skin tests are reliable methods for the diagnosis of al- 
lergy to (3-lactam antibiotics, but they should be performed 
only after the history has determined the likelihood of an 
allergic reaction to them. 

C Antiallergic medications (corticosteroids, antihistamines, 
etc.) can be used for the therapy of specific allergic reactions, 
but they are not effective for prevention of any supposed 
(and still unknown) hypersensitivity reaction. 

D To change the drug the patient is allergic (or is supposed 
to be allergic) to with another drug belonging to the same 
chemical class does not decrease the risk of an allergic reac- 
tion because cross-sensitivity is very common among differ- 
ent drugs belonging to the same class. 

Learning objective: Describe the allergic reaction to methyldopa. 

18. B The positive Coombs test indicates that the patient was 
most likely suffering from autoimmune hemolytic anemia. 
Positive Coombs reaction occurs in up to 30% of patients 
treated for 3 to 6 months with methyldopa, with hemolytic 
anemia occurring in 1 to 5%of cases. This is a type II allergic 
drug reaction. The drug is able to induce the formation of 
autoantibodies (immunoglobulin G) to red blood cells, thus 
causing cell lysis. The anemia usually ceases within 3 weeks 
after withdrawal of the drug, but a Coombs test can remain 
positive for more than 1 year. 

A, C-E See correct answer explanation. 




learning objective: Identify a pseudoallergic reaction to drugs. 

19. D The signs and symptoms of the patient indicate that he 
was suffering from a type I— like allergic reaction, but cir- 
culating antibodies cannot be detected. In these cases, the 
reaction is called pseudoallergic, and the clinical symptoms 
are due to a drug-induced direct formation and/or release of 
mediators normally involved in allergic reactions. 

A-C, E See correct answer explanation. 

Learning objective: Identify an idiosyncratic reaction to drugs. 

20. C An idiosyncratic reaction is commonly defined as a ge- 
netically determined abnormal reaction to a drug. Succinyl- 
choline and mivacurium are neuromuscular blocking drugs 
that are primarily metabolized by plasma cholinesterase 
(butyrylcholinesterase). Because of this extensive and rapid 
metabolism, the action of these drugs is brief. The neuro- 


muscular blockade by these drugs may be exceedingly pro- 
longed in patients who have a genetically abnormal variant 
of cholinesterase. Also, because this variant is much less e ffi- 
cient than the normal enzyme, it can take 2 to 3 hours for 
the paralysis to disappear. In this case, the anesthesiologist 
must continue the general anesthesia and artificial respira- 
tion until cessation of the drug effect. 

A, B, D, E These other options are unlikely. 


ADVERSE EFFECTS OF DREGS 
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II Autonomic Nervous System 

Questions: U- 1 Introduction to Autonomic Pharmacology 


Directions for questions 1-5 

Match each effect with the activation of the appropriate receptor 
(each lettered option can be selected once, more than once, or not 
at all). 

A. OQ adrenergic 

B. a 0 adrenergic 

C. (3j adrenergic 

D. (3 2 adrenergic 

E. p 3 adrenergic 

F. D 2 dopaminergic 

G. D 2 dopaminergic 

H. M 0 cholinergic 

I. M 3 cholinergic 
JL Nm cholinergic 
K. Nn cholinergic 

Difficulty level: Easy 

1. Mydriasis 

Difficulty level: Easy 

2. Increased gluconeogenesis 

Difficulty level: Easy 

3. Selective dilation of renal vessels 

Difficulty level: Easy 

4 . Constriction of bladder internal sphincter 
Difficulty level: Easy 

5 . Decreased atrioventricular conduction 
Difficulty level: Medium 

6. A2.1-kg (4.6-lb) baby boy was born at 34 weeks gestation 
by vaginal delivery. One hour after birth, the baby appeared 
hypothermic and lethargic. Apgar scores were low, and blood 
pressure was 55/35 mm Hg. Lab tests revealed that the new- 
born had a genetic dopamine p-hydroxylase deficiency. Lab 
tests would have also shown which of the following results? 

A. Very low plasma levels of norepinephrine 

B. Very low plasma levels of dopamine 
C High plasma levels of epinephrine 

D. High urinary levels of normetanephrine 

E. Low urinary levels of homovanillic acid 


Difficulty level: Easy 

7. A 43-year-old man recently diagnosed with pheochromo- 
cytoma (an adrenal gland tumor) started a treatment with a 
drug that can cause a pronounced decrease in norepinephrine 
and epinephrine by blocking the first rate-limiting step in cat- 
echolamine biosynthesis. Which of the following enzymes 
was most likely inhibited by the drug? 

A. Aromatic l-amino acid decarboxylase 

B. Dopamine-p-hydroxylase 
C Tyrosine hydroxylase 

D. Phenylethanolamine methyltransferase 

E. Monoamine oxidase 

Difficulty level: Medium 

8. A 14-year-old boy with type 1 diabetes noticed symptoms of 
palpitations, inward trembling, sweating, hunger, weakness, 
and nervousness just after his participation in a basketball 
game. His medication included twice daily injections of insu- 
lin. Most of the boy’s symptoms likely resulted from increased 
firing of which of the following neurons? 

A. Somatic motor neurons 

B. Pyramidal neurons 

C Preganglionic parasympathetic neurons 

D. Preganglionic sympathetic neurons 

E. Postganglionic parasympathetic neurons 

Difficulty level: Easy 

9 . A 55-year-old woman suffering from postural hypotension 
started a treatment with an a j-adrenergic drug. Which of the 
following is a body site where autonomic receptors are pri- 
marily a l adrenergic? 

A. Bronchial muscle 

B. Sphincter muscle of the iris 

C. Atrioventricular node 

D. Purkinje fibers 

E. Skin vessels 


31 


Difficulty level: Easy 

10 . A 24-year-old woman admitted to the hospital after a car 
accident was diagnosed with neurogenic shock due to a spi- 
nal cord injury. An emergency treatment was started that 
included the administration of norepinephrine. Which of 
the following expected effects of the drug was most likely 
mediated by the activation of peripheral postsynaptic (3j 
receptors? 

A. Bronchodilation 

B. Uterine relaxation 

C Increased liver gluconeogenesis 

D. Increased renin secretion 

E. Decreased insulin secretion 

F. Increased sweating of the palms of the hands 

Difficulty level: Medium 

11 . A 28-year-old woman presented to the emergency depart- 
ment with breathing difficulty and increasing swelling ofher 
face, eyes, lips, and tongue. An hour earlier she had received 
an intramuscular injection of ampicillin to treat acute phar- 
yngitis. A diagnosis of anaphylactic reaction was made, and 
an intramuscular injection of epinephrine was given. Which 
of the following expected effects of the drug was most likely 
mediated by the activation of peripheral postsynaptic a 0 
receptors? 

A. Mydriasis 

B. Decreased secretion of insulin 
C Increased secretion of renin 

D. Constriction of skin vessels 

E. Increased heart rate 

F. Dilation of skeletal muscle vessels 

Difficulty level: Hard 

12 . Anew autonomic drug was administered locally in the con- 
junctival sac of a healthy volunteer. Twenty minutes later, 
measurement of several eye parameters gave the following 
results: 


Parameter 

Before 

After 


Drug 

Drug 

Pupillary diameter (mm) 

3.0 

3.5 

Lens curvature 

Normal 

Normal 

Intraocular pressure (mm Hg) 

20 

15 


Which of the following pairs of receptors did the drug most 
likely activate? 

A. (Xj and a 0 adrenergic 

B. a 0 and (3 0 adrenergic 

C Nn and Nm cholinergic 

D. M 0 and M 3 cholinergic 

E. p 1 and (3 0 adrenergic 


Difficulty level: Hard 

13 . The cardiovascular effects of a new autonomic drug that does 
not cross the blood-brain barrier were evaluated in a healthy 
volunteer. The drug was administered intravenously, and the 
results are presented below: 


Parameter 

Control 

Drug X 

Systolic BP (mm Hg) 

120 

130 

Diastolic BP(mm Hg) 

80 

100 

Heart rate (bpm) 

70 

60 


Abbreviations: BP, blood pressure; bpm, beats per minute. 


Which of the following receptors did the drug most likely 
activate? 

A. a 2 adrenergic 

B. p 0 adrenergic 

C Dj dopaminergic 

D. M 0 cholinergic 

E. pj adrenergic 

Difficulty level: Medium 

14 . A 62-year-old man suffering from postural hypotension 
started therapy with a drug that selectively activates a 2 re- 
ceptors. Which of the following postreceptor mechanisms 
most likely mediated the therapeutic effect of the drug in 
this patient? 

A. Decreased synthesis of inositol triphosphate (IP 3 ) and 
diacylglycerol (DAG) 

B. Increased activation of phospholipase C 
C Opening of ligand-gated K + channels 

D. Blockade of voltage-gated Ca 2+ channels 

E. Increased synthesis of cyclic guanosine monophosphate 
(cGMP) 

Difficulty level: Hard 

15 . The cardiovascular effects of a new autonomic drug that 
does not cross the blood-brain barrier were evaluated in a 
healthy male volunteer. The drug was administered intra- 
venously, and the results are presented below: 


Parameter 

Control 

Drug 

Systolic BP (mm Hg) 

120 

130 

Diastolic BP (mm Hg) 

75 

55 

Heart rate (bpm) 

70 

115 


Abbreviations: BP, blood pressure; bpm, beats per minute. 



Which of the following pairs of receptors were most likely 
activated by the drug? 

A. a t and a 2 adrenergic 

B. a t and p x adrenergic 

C Nm and Nn cholinergic 

D. M 0 and M 3 cholinergic 

E. p j and p 0 adrenergic 

Difficulty level: Hard 

16. The bronchial effects of a new alpha-beta agonist that does 
not cross the blood-brain barrier was studied in labora- 
tory animals. It was found that the drug caused relaxation of 
bronchiolar smooth muscle. The activation of which of the 
following pairs of adrenoceptors most likely mediated the 
effect of the drug? 

A. (3 0 postsynaptic and a 0 presynaptic 

B. pj presynaptic and (Xj postsynaptic 
C a 2 postsynaptic and p 3 postsynaptic 

D. oij presynaptic and p 0 presynaptic 

E. pj postsynaptic and a 0 presynaptic 

Difficulty level: Hard 

17. The metabolic effects of a new autonomic drug were studied 
in laboratory animals. The following results were obtained: 

Liver gluconeogenesis: increased 

Renin secretion: unaffected 

Plasma K + : decreased 

Degranulation of mast cells: inhibited 

Lipolysis in fat cells: increased 

Which of the following pairs of receptors were most likely 
activated by the drug? 


A. 

(Xj 

and pj 

B. 

P 2 

and p 3 

C 

P. 

and p 0 

D. 

M 

j and p 3 

E. 

M : 

> and M 

F. 

(Xj 

and M 2 


Difficulty level: Medium 

18. Anew autonomic drug was administered locally in the con- 
junctival sac of a healthy volunteer during a phase 1 clinical 
trial. Twenty minutes later, measurement of several eye pa- 
rameters gave the following results: 

Pupillary diameter: decreased 

Lens curvature: increased 

Intraocular pressure: decreased 

Which of the following receptors did the drug most likely 
activate? 

A. a j 

B. a 2 
C Nm 

D. M 3 

E. p 2 

Difficulty level: Hard 

19. A 54-year-old woman complained to her physician of pal- 
pitations, dry mouth, blurred vision, and constipation. The 
woman had a long history ofendogenous depression and had 
recently started a new antidepressant therapy. The patient’s 
symptoms most likely resulted from a blockade of which of 
the following pairs of receptors? 

A. and a 2 

B. a 2 and p 3 
C M 0 and M 3 

D. pj and p 0 

E. Nm and p 0 

Difficulty level: Hard 

20. A 35-year-old farmer was brought to the emergency de- 
partment with severe abdominal cramps and vomiting. He 
reported that he was working in the field with an organo- 
phosphate pesticide. The physician observed all of the typi- 
cal symptoms of acetylcholine excess. Which ofthe following 
symptoms of the patient were most likely due to the activa- 
tion of nicotinic Nm receptors only? 

A. Salivation, decreased blood pressure 

B. Difficulty in breathing, miosis 
C Diarrhea, sweating 

D. Bradycardia, urinary urgency 

E. Diplopia, difficulty in swallowing 



Questions: H-2 Adrenergic Drugs 


Directions for questions 1-5 

Match each adrenergic drug with the appropriate description 
(each lettered option can be selected once, more than once, or not 
at all). 

A. Albuterol 

B. Apraclonidine 
C Cocaine 

D. Dextroamphetamine 

E. Dobutamine 

F. Dopamine 

G. Epinephrine 

H. Isoproterenol 

I. Methyldopa 

J Norepinephrine 
K. Phenylephrine 
L Salmeterol 

Difficulty level: Easy 

1. An a 0 selective adrenoceptor agonist 
Difficulty level: Easy 

2. Along-acting (3 0 selective adrenoceptor agonist 
Difficulty level: Easy 

3. An indirect-acting adrenergic agent sometimes used as an 
antihypertensive 

Difficulty level: Easy 

4. Anonselective p x adrenoceptor agonist 

Difficulty level: Easy 

5. A selective adrenoceptor agonist 

Difficulty level: Medium 

6. A 75-year-old-woman, hospitalized for breast cancer, was 
found unconscious in her bed by a nurse. Adiagnosis of car- 
diac arrest was made, and cardiopulmonary resuscitation 
was started without success. The electrocardiogram showed 
that the patient was in asystole. An intracardiac injection of 
epinephrine was given. Which of the following postreceptor 
mechanisms most likely mediated the effect of epinephrine 
on cardiac contractility in this patient? 

A. Opening of ligand-gated K + channels 

B. Opening of ligand-gated Na + channels 

C. Activation of phospholipase C 

D. Activation of phospholipase \ 

E. Activation of adenylyl cyclase 


Difficulty level: Medium 

7. A 35-year-old man was admitted to the hospital following a 
car accident, and a blood transfusion was started. A few min- 
utes later, he complained of nausea and pruritus and devel- 
oped dyspnea with audible wheezing. His skin was mottled 
and cold, heart rate was 120 bpm, and blood pressure fell to 
80/40 mm Hg. An intramuscular injection of epinephrine was 
given. Which of the following actions of the drug most likely 
contributed to its therapeutic efficacy in this patient? 

A. Increased glycogenolysis 

B. p 2 receptor-mediated vasodilation 

C. Stimulation of platelet aggregation 

D. Inhibition of insulin secretion 

E. Inhibition of mast cell degranulation 

F. Stimulation ofeicosanoid biosynthesis 

Difficulty level: Medium 

8. A 34-year-old woman was at the dentist for an endodontic 
procedure. Before starting the procedure, the dentist injected 
a solution of lidocaine plus epinephrine near the tooth in 
order to provide local anesthesia. The epinephrine-induced 
increased duration of the lidocaine effect was most likely me- 
diated by the activation of which of the following adreno- 
ceptors? 

A. P, 

B. p 2 

C p 3 

D. oij 

E. a 2 

Difficulty level: Hard 

9. A 51-year-old man was admitted to the coronary care unit 
with a diagnosis of myocardial infarction. Two hours later, 
he developed ventricular fibrillation and was defibrillated im- 
mediately, but without success. Cardiopulmonary resuscita- 
tion (CPR) was started, and two additional shocks were given 
at a higher energy, but the patient remained unresponsive. At 
this time a bolus of intravenous epinephrine was given, while 
continuing the CPR. Which of the following receptor actions 
of the drug best describes the rationale for adding epineph- 
rine in this setting? 

A. receptor-mediated vasoconstriction 

B. P 2 receptor-mediated vasodilation 

C. p 2 receptor-mediated increase in cardiac contractility 

D. p 1 receptor-mediated increase in renin secretion 

E. p 0 receptor-mediated bronchodilation 



Difficulty level: Medium 

10 . A 60-year-old man hospitalized following a myocardial in- 
farction showed a pronounced decrease in blood pressure 
and urine output 2 hours after the admission. Adiagnosis of 
cardiogenic shock was made, and an emergency therapy was 
started. An adrenergic drug with both direct and indirect ac- 
tions was given by intravenous infusion. Which of the fol- 
lowing drugs fitting this profile would be appropriate for the 
patient? 

A. Dopamine 

B. Norepinephrine 
C Isoproterenol 

D. Dobutamine 

E. Phenylephrine 

Difficulty level: Hard 

11 . Anew autonomic drug that does not enter the brain was 
given intravenously to healthy volunteers in a phase 1 clini- 
cal trial. The results are presented below: 


Parameter 

Control 

Peak Drug 

El ect 

Systolic BP (mm Hg) 

125 

145 

Diastolic BP(mm Hg) 

75 

95 

Heart rate (bpm) 

70 

51 

Cardiac output (I7min) 

5.5 

5.1 

Ejection fraction (%) 

60 

75 


Abbreviations: BP, blood pressure; bpm, beats per minute. 


Which of the following drugs does the new agent most 
resemble? 

A. Dobutamine 

B. Epinephrine 
G Isoproterenol 

D. Norepinephrine 

E. Phenylephrine 

F. Propranolol 

Difficulty level: Easy 

12 . A 54-year-old man was about to receive local anesthesia be- 
fore a tooth extraction. One year ago the patient underwent 
an episode of ventricular fibrillation that was successfully 
treated with electrical cardioversion. The dentist decided to 
avoid a local anesthesia with epinephrine because the pa- 
tient was especially at risk of which of the following drug- 
induced adverse effects? 

A. Cerebral hemorrhage 

B. Nausea and vomiting 
C Pulmonary edema 

D. Ventricular tachycardia 

E. Hyperglycemia 


Difficulty level: Hard 

13 . A43-year-old man was brought to the emergency room fol- 
lowing a car accident. He received an infiltration of a local 
anesthetic around a skin wound in preparation for suturing. 
A few minutes later, the man appeared flushed and com- 
plained of difficulty breathing. Blood pressure was 90/50 mm 
Hg, heart rate 92 bpm. Chest auscultation revealed restric- 
tive air flow and stridor. An injection of epinephrine was 
given. Which of the following actions most likely contrib- 
uted to the therapeutic efficacy of the drug in the patient’s 
disorder? 

A. Antagonism ofhistamine effects on the heart 

B. Antagonism of bradykinin effects on skeletal muscle 
vessels 

C Antagonism of leukotriene effects on the respiratory 
system 

D. Activation of a 2 receptors on bronchial muscles 

E. Activation of p 2 receptors on lung vessels 

F. Activation of a 2 receptors on platelets 

Difficulty level: Medium 

14 . A 16-year-old girl was treated topically with eye drops during 
a routine ophthalmoscopic examination. After 15 minutes, 
the ophthalmologist measured an increase in pupillary di- 
ameter with negligible changes in lens curvature and intra- 
ocular pressure. Which of the following drugs was most 
likely administered to the patient? 

A. Phenylephrine 

B. Timolol 

C Acetylcholine 

D. Apraclonidine 

E. Epinephrine 

Difficulty level: Easy 

15 . A 15-year-old boy suffering from asthma routinely self- 
administered albuterol through a metered-dose inhaler. 
Which of the following actions most likely contributed to the 
therapeutic efficacy of the drug in the patient’s disorder? 

A. Increased microvascular permeability 

B. Decreased bronchial secretions 

C Release ofhistamine from mast cells 

D. Increased residual respiratory volume 

E. Increased mucociliary clearance 



Difficulty level: Hard 

16 . A new autonomic drug that does not enter the brain was 
given intravenously to healthy volunteers in a phase 1 clini- 
cal trial. The cardiovascular effects are presented below: 


Parameter 

Control 

Peak Drug 

Ef ect 

Systolic BP (mm Hg) 

125 

145 

Diastolic BP (mm Hg) 

75 

95 

Heart rate (bpm) 

70 

58 

Cardiac output (Urnin) 

5 

4.5 

Ejection fraction (%) 

60 

60 


Abbreviations: BP, blood pressure; bpm, beats per minute. 

Which of the following drugs does the new agent most 
resemble? 

A. Dobutamine 

B. Epinephrine 
G Isoproterenol 

D. Norepinephrine 

E. Phenylephrine 

Difficulty level: Medium 

17 . A 72-year-old man suffering from prostatic hyperplasia com- 
plained to his physician that he had increased difficulty and 
pain in voiding his bladder. The patient had had been taking 
an over-the-counter oral nasal decongestant for 3 days be- 
cause of an annoying common cold. Which of the following 
drugs most likely contributed to his dysuria? 

A. Albuterol 

B. Phenylephrine 
C Clonidine 

D. Norepinephrine 

E. Dopamine 

F. Salmeterol 

Difficulty level: Easy 

18 . A 65-year-old woman suffering from open-angle glaucoma 
was prescribed a treatment regimen that included apraclon- 
idine eye drops. Which of the following actions on aqueous 
humor most likely mediated the therapeutic effect of the 
drug in the patient’s disease? 

A. Increased outflow through the Schlemm canal 

B. Decreased production by the trabecular meshwork 
C Increased outflow through the uveoscleral route 

D. Decreased production by eye vessel constriction 

E. Decreased production by the ciliary epithelium 


Difficulty level: Hard 

19 . A 57-year-old homeless alcoholic man was brought to the 
hospital by the police, who had found him lying on a side- 
walk. Physical examination showed clear signs of alcohol 
withdrawal. Therapy was started that included clonidine. 
Which of the following best explains the most likely mecha- 
nism of action of clonidine in this patient? 

A. Decreased central sympathetic outflow 

B. Activation of peripheral a { receptors 

C Decreased central parasympathetic outflow 

D. Activation of peripheral a 2 receptors 

E. Blockade of a receptors on the tractus solitarius 

F. Blockade of a receptors on the locus ceruleus 

Difficulty level: Medium 

20 . A 7-year-old girl recently diagnosed with persistent asthma 
started treatment with inhaled albuterol “as needed.” Which 
of the following adverse effects was most likely to occur 
during the therapy? 

A. Atrioventricular block 

B. Restlessness 
C Sleepiness 

D. Postural hypotension 

E. Ventricular tachycardia 

Difficulty level: Medium. 

21 . A52-year-old woman suffering from severe bronchial asthma 
was recently diagnosed with open-angle glaucoma. An ap- 
propriate local therapy was prescribed. Which of the follow- 
ing drugs most likely would be included in the glaucoma 
treatment of this patient? 

A. Carbachol 

B. Epinephrine 
C Propranolol 

D. Pilocarpine 

E. Timolol 

Difficulty level: Medium 

22 . A 33-year-old man was brought to the emergency room 
after a car accident. Upon admission, the patient was lucid 
but completely paralyzed, with loss of all sensation and re- 
flex activity below the thorax. Vital signs were blood pres- 
sure 80/40 mm Hg, heart rate 42 bpm, respirations 36/min. 
A preliminary diagnosis of spinal shock, due to spinal cord 
injury, was made, and an intravenous infusion of an appro- 
priate drug was started. Which of the following drugs was 
most likely administered? 




A. Isoproterenol 

B. Clonidine 

C Norepinephrine 

D. Albuterol 

E. Salmeterol 

Difficulty level: Hard 

23. The cardiovascular effects of a new autonomic drug that 
does not cross the blood-brain barrier were evaluated in a 
healthy male volunteer. The drug was administered intra- 
venously, and the results are presented below: 


Parameter 

Control 

Peak Drug 

Ef ect 

Mean BP (mm Hg) 

90 

80 

Heart rate (bpm) 

70 

110 

Cardiac output (I/min) 

5.5 

6.5 

Ejection fraction (%) 

60 

80 


Abbreviations: BP, blood pressure; bpm, beat per minute. 


Which of the following drugs does the new agent most 
resemble? 

A. Albuterol 

B. Cocaine 

C Isoproterenol 

D. Norepinephrine 

E. Phenylephrine 

Difficulty level: Medium 

24. A 51-year-old man received an intravenous infusion of iso- 
proterenol at the conclusion of heart transplant surgery. 
Which of the following actions most likely occurred a few 
minutes after the start of the infusion? 

A. Stimulation of renin secretion 

B. Inhibition of insulin release 

G Increased total peripheral resistance. 

D. Reflex tachycardia 

E. Stimulation of platelet aggregation 

Difficulty level: Medium 

25. A 34-year-old man was brought to the emergency room 
with a gunshot wound to the abdomen. External blood loss 
and internal hemorrhage were significant, and he was 
anxious and disoriented. On examination, his skin was pale 
and cool, pulse was thready at 1 30 bpm, blood pressure was 


80/70 mm Hg, and respiration was shallow with a rate of 30 
breaths/min. The first appropriate therapeutic intervention 
in this patient would have been an intravenous infusion of 
which of the following agents? 

A. Norepinephrine 

B. Epinephrine 
C Dobutamine 

D. Isotonic saline 

E. Dopamine 

F. Isoproterenol 

Difficulty level: Hard 

26. A 53-year-old man was brought to the emergency depart- 
ment after suffering crushing substernal pain for the past 
hour. Vital signs on admission were blood pressure 88/50, 
pulse 115 bpm, respirations 30/min. Further exams led to 
the diagnosis of cardiogenic shock due to myocardial infarc- 
tion, and therapy was started that included an intravenous 
infusion of an appropriate drug. Which of the following mo- 
lecular actions most likely mediated the therapeutic effec- 
tiveness of the drug in this patient? 

A. Activation of phospholipase 

B. Increased synthesis of inositol triphosphate (IP 3 ) and di- 
acylglycerol (DAG) 

C Increased synthesis of cyclic adenosine monophosphate 
(cAMP) 

D. Increased synthesis of cyclic guanosine monophosphate 
(cGMP) 

E. Opening of ligand-gated Na + channels 

F. Opening of ligand-gated K + channels 

Difficulty level: Medium 

27. A 25-year-old healthy male volunteer received an intrave- 
nous infusion of a new drug in a phase 1 clinical trial. It was 
found that the drug causes an increase in cardiac contractil- 
ity, a slight increase in heart rate, and no major changes or a 
decrease in systemic vascular resistance. Which of the fol- 
lowing drugs does the new agent most resemble? 

A. Phenylephrine 

B. Norepinephrine 
C Isoproterenol 

D. Epinephrine 

E. Dobutamine 



Difficulty level: Hard 

28 . A 58-year-old man became confused and disoriented 5 days 
after he underwent surgery to remove necrotic bowel tissue. 
Physical findings were high fever (103°F, 39.4°C), blood 
pressure 90/50 mm Hg, pulse 130 bpm, respirations 30/min. 
Pertinent lab values were partial pressure of arterial carbon 
dioxide (P a CO 0 ) 30 mm Hg (normal 33-45 mm Hg), bicar- 
bonate (HCO 3 ) 18 mEq/L (normal 22-28 mEq/L), serum pH 
7.3 1 , white blood cell count (WBC) 22,000 cells/mm 3 . Arte- 
rial and pulmonary artery catheters were inserted, revealing 
a cardiac output of 6 l?min and a pronounced decrease of 
systemic vascular resistance. Fluid therapy was initiated, but 
1 hour later mean blood pressure was still 60 mm Hg. An in- 
travenous infusion of an appropriate drug was started. Which 
of the following drugs was most likely administered? 

A. Isoproterenol 

B. Epinephrine 

C Norepinephrine 

D. Albuterol 

E. Clonidine 

Difficulty level: Easy 

29 . A 13-year-old girl with mild persistent allergic asthma started 
a treatment that included an inhaled bronchodilator “as 
needed.” Adrug with which of the following mechanisms of 
action would be most appropriate for this patient’s inhaler? 

A. Blockade ofoij adrenoreceptors 

B. Blockade of cholinergic receptors 
C Activation of (3 0 adrenoreceptors 

D. Activation of Hj histamine receptors 

E. Activation of leukotriene receptors 

F. Blockade of Nm cholinergic receptors 

Difficulty level: Medium 

30 . A42-year-old woman complained to her physician of trem- 
ors, muscle cramping, palpitations, and anxiety. The woman, 
who was recently diagnosed with severe bronchial asthma, 
had started an appropriate therapy 2 weeks earlier. Which 
of the following drugs most likely caused the patient’s 
symptoms? 

A. Isoproterenol 

B. Salmeterol 
C Propranolol 

D. Dobutamine 

E. Prazosin 


Difficulty level: Easy 

31 . A 16-year-old male snorted cocaine for the first time at a 
party. Afew minutes later he felt euphoric, and friends noted 
that his pupils were dilated. Which of the following molecu- 
lar actions most likely mediated the mydriasis? 

A. Inhibition of monoamine oxidase A 

B. Blockade of receptors in sympathetic terminals 

C Inhibition of norepinephrine reuptake into sympathetic 
terminals 

D. Stimulation of epinephrine release from adrenal medulla 

E. Stimulation of norepinephrine release from sympathetic 
terminals 

Difficulty level: Hard 

32 . A41-year-old man presented to the clinic complaining of an 
impairment in his ability to voluntarily raise his left eyelid. 
Physical examination showed miosis, ptosis, flushed facial 
skin, and loss of sweating over the left side of the face. Further 
exams led to the diagnosis of Horner syndrome. To deter- 
mine the site of the autonomic lesion, a hydroxyamphet- 
amine solution was instilled into the conjunctival sac of the 
left eye. A few minutes later, mydriasis was observed. The 
physician correctly concluded that there was a localized le- 
sion in which of the following nervous structures? 

A. Preganglionic sympathetic nerves innervating the face 

B. Postganglionic sympathetic nerves innervating the face 
C Preganglionic parasympathetic nerves innervating the 

face 

D. Postganglionic parasympathetic nerves innervating the 
face 

Difficulty level: Medium 

33 . A37-year-old man was admitted to the hospital after a work 
accident. An admitting diagnosis of spinal cord injury was 
made, and emergency therapy was initiated, which included 
the intravenous infusion of a low dose of dopamine. Which 
of the following effects of the drug were most likely medi- 
ated by the activation of dopamine D 2 receptors? 

A. Increased diuresis 

B. Nausea and vomiting 

C Constriction of skin vessels 

D. Increased heart rate 

E. Increased stroke volume 

Difficulty level: Medium 

34 . A 46-year-old woman admitted to the hospital with the 
presumptive diagnosis of septic shock was given emergency 
therapy. The treatment included an adrenergic drug that can 
decrease total peripheral resistance at lower doses and can 
increase it at higher doses. Which of the following drugs was 
most likely administered? 



A. Norepinephrine 

B. Albuterol 

C Isoproterenol 

D. Dobutamine 

E. Phenylephrine 

F. Dopamine 

Difficulty level: Hard 

35. A 51 -year-old patient suffering from postural hypotension 
was admitted to the hospital for evaluation. Atyramine in- 
fusion did not raise the blood pressure, whereas a very small 
dose of norepinephrine caused a large, transient elevation of 
blood pressure. These results would suggest a degeneration 
of which of the following nervous structures? 

A. Postganglionic sympathetic neurons 

B. Preganglionic sympathetic neurons 

C Postganglionic parasympathetic neurons 

D. Preganglionic parasympathetic nerves neurons 

E. Medulla oblongata 

Difficulty level: Easy 

36. A 47-year-old woman suffering from postmenopausal hot 
flashes tried different drugs with little success. Her physi- 
cian decided to try another drug that decreases the release 
of norepinephrine from adrenergic nerve terminals. Which 
of the following drugs was most likely prescribed? 

A. Prazosin 

B. Clonidine 
C Albuterol 

D. Isoproterenol 

E. Labetalol 

Difficulty level: Hard 

37. A 48-year-old woman suffering from lupus erythematosus 
was admitted to the hospital because of severe muscle 
weakness. Pertinent laboratory data on admission were 
K + 7.9 mEq/L, creatinine 5 mg/dL, blood urea nitrogen (BUN) 
60 mg/dL. An electrocardiogram (ECG) revealed increased 
PR intervals and widened QRS complexes. Insulin with dex- 
trose was given intravenously to reduce the high potassium 
level. Another drug was also given because it has an additive 
effect with insulin in decreasing serum potassium. Which of 
the following drugs was most likely administered? 

A. Phenylephrine 

B. Albuterol 
C Clonidine 

D. Isoproterenol 

E. Epinephrine 

F. Dobutamine 


Difficulty level: Medium 

38 . A 35-year-old woman was admitted to the emergency de- 
partment because of dyspnea, generalized itching, and swell- 
ing of the lips, eyelids, and tongue. The symptoms started a 
few minutes after an intramuscular (IM) injection of a vac- 
cine. An appropriate therapy was started, which included 
an IM injection of epinephrine. Which of the following ex- 
pected effects of the drug were most likely mediated by acti- 
vation of p 0 adrenoceptors? 

A. Inhibition of insulin release 

B. Skin vasoconstriction 
C Mydriasis 

D. Contraction of the bladder sphincter 

E. Increased glycogenolysis 

Difficulty level: Medium 

39 . An intravenous injection of drug X was given to a laboratory 
animal before and after the administration of atropine, and 
the heart rate was recorded. The results are depicted below: 



Which of the following drugs was most likely drug X? 

A. Epinephrine 

B. Norepinephrine 
C Prazosin 

D. Albuterol 

E. Isoproterenol 

F. Dobutamine 

Difficulty level: Medium 

40 . A43-year-old woman was in the emergency department for 
the treatment of shock due to spinal trauma. Despite fluid 
therapy, she was still hypotensive (80/50 mm Hg) and tachy- 
cardic (125 bpm). An intravenous infusion of norepineph- 
rine was started, and a few minutes later the blood pressure 
was 120/85 mm Hg, and the heart rate decreased to 85 bpm. 
Which of the following actions best explains the drug- 
induced decrease of heart rate in this patient? 

A. Activation of cardiac (3 0 receptors 

B. Decreased firing rate of vagal neurons 

C Increased firing rate of aortic baroreceptors 

D. Activation of cardiac a 0 autoreceptors 

E. Decreased firing rate of carotid chemoreceptors 



Questions: H-3 Antiadrenergic Drugs 


Directions for questions 1-5 

Match each antiadrenergic drug with the appropriate description 
(each lettered option can be selected once, more than once, or not 
at all). 

A. Atenolol 

B. Esmolol 

C Metyrosine 

D. Ph enoxybenzamine 

E. Pindolol 

F. Propranolol 

G. Sotalol 

H. Tamsulosin 

I. Timolol 

Difficulty level: Easy 

1. This drug is a partial agonist at p x and (3 0 receptors. 

Difficulty level: Easy 

2. This drug is a selective p j antagonist frequently used for the 
chronic treatment of atrial fibrillation. 

Difficulty level: Easy 

3. This drug is a (3-blocker that can also block potassium 
channels. 

Difficulty level: Easy 

4 . This drug is frequently used in the treatment of prostatic 
hyperplasia. 

Difficulty level: Easy 

5 . This drug is sometimes given in cardiovascular emergencies 
by intravenous infusion because of its extremely short half- 
life. 

Difficulty level: Hard 

6. A 25-year-old man complained to his physician of painful 
erection and impaired ejaculation during intercourse. Three 
weeks earlier, he had been diagnosed with Raynaud disease 
and had started an appropriate therapy. A drug with which 
of the following mechanisms of actions most likely caused the 
patient’s symptoms? 

A. (3 2 -receptor blockade 

B. M 3 -receptor activation 
C pj-receptor blockade 

D. a 2 -receptor activation 

E. aj-receptor blockade 

F. Nm-receptor activation 


Difficulty level: Medium 

7 . Phenoxybenzamine was given to rats during a lab experi- 
ment. Which of the following sets of effects most likely oc- 
curred after treatment? 



Firing Rates 
of Carotid 

Baro receptors 

Cardiac 

Contractility 

Cardiac 

Rate 

A 

1 

T 

T 

B 

T 

T 

1 

C 

T 

1 

T 

D 

1 

T 

1 

E 

1 

1 

1 


Difficulty level: Medium 

8. A 51-year-old man, recently diagnosed with pheochromo- 
cytoma, was scheduled for surgery to remove the tumor. 
One week before surgery, phenoxybenzamine was prescribed. 
Which of the following actions most likely mediated the 
therapeutic effect of the drug in the patient’s disease? 

A. Decreased peripheral vascular resistance 

B. Increased cardiac output 

C Decreased epinephrine release from the adrenal medulla 

D. Increased heart rate 

E. Decreased firing from the vasomotor center 
Difficulty level: Medium 

9 . A58-year-old man complained to his physician ofweakness, 
drowsiness, dizziness, and palpitations. He was recently di- 
agnosed with bladder obstruction due to benign prostatic 
hyperplasia and had been taking a drug for 2 weeks. Which 
of the following drugs most likely caused the patient’s 
symptoms? 

A. Bethanechol 

B. Tamsulosin 
C Propranolol 

D. Flutamide 

E. Albuterol 

F. Phenylephrine 

Difficulty level: Medium 

10 . A 28-year-old woman presented to the outpatient clinic 
with a 5-day history of left hand and arm pain. She noted 
that the fingers of her left hand became cold and somewhat 
blue, especially when exposed to cold. Physical examination 
showed that the patient’s extremities had appropriate sen- 
sation. When her hands were placed in cold water, several 
white splotches appeared, and tingling was felt in the hands. 




Which of the following drugs would be appropriate to treat 
the patient’s disorder? 

A. Neostigmine 

B. Propranolol 
C Prazosin 

D. Clonidine 

E. Phenylephrine 

Difficulty level: Easy 

11 . A 64-year-old woman, recently diagnosed with open-angle 
glaucoma, started a topical therapy with timolol and apra- 
clonidine. Which of the following was the most likely site 
of action of both drugs? 

A. Ciliary muscle 

B. Uveoscleral vessels 
C Conjunctival vessels 

D. Ciliary epithelium 

E. Retinal vessels 

F. Schlemm canal 

Difficulty level: Hard 

12 . A 22-year-old man was admitted to the hospital for evalua- 
tion of a faint systolic murmur and an unusual electrocar- 
diogram reading. After clinical and lab evaluations diagnosis 
ofhypertrophic cardiomyopathy was made, and propranolol 
was prescribed. Which of the following actions most likely 
contributed to the therapeutic efficacy ofthe drug in the pa- 
tient’s disease? 

A. Decreased renin secretion 

B. Increased duration of diastole 

G Blockade of an abnormal pacemaker 

D. Decreased ejection fraction 

E. Coronary vasodilation 

Difficulty level: Medium 

13 . A new autonomic drug was tested in a healthy volunteer. 
The man was treated with saline or with the drug, under 
resting or exercise conditions. His heart rate was measured 
in both conditions. The results were the following: 



Heart Rate (bpm) 

Saline 

Drug 

Resting 

70 

68 

Exercise 

150 

80 


To which of the following drug classes did the tested drug 
most likely belong? 

A. Beta adrenoceptor blockers 

B. Cholinergic agonists 

C Cholinergic antagonists 

D. Ganglionic blockers 

E. Alpha- 1 adrenoceptor blockers 

Difficulty level: Medium 

14 . A 58-year-old man recently diagnosed with exertional an- 
gina started treatment with atenolol. Which of the following 
cardiovascular parameters was most likely decreased in this 
patient? 

A. End-systolic volume 

B. Ventricular ejection time 
C Cardiac ejection fraction 

D. End-diastolic volume 

E. Venous tone 

Difficulty level: Medium 

15 . A 57-year-old, woman recently diagnosed with open-angle 
glaucoma, started treatment with timolol eye drops. Which 
of the following sets of effects most likely occurred shortly 
after the administration ofthe drug? 



Pupillary 

Diameter 

Lens 

Girvature 

Intraocular 

Pressure 

A 

+ 

— 

0 

B 

0 

0 

— 

C 

+ 

0 

— 

D 

0 

+ 

0 

E 

— 

0 

+ 


+ = increased 
- = decreased 
0 = negligible effect 


Difficulty level: Medium 

16 . Propranolol was given by intramuscular injection to several 
dogs during a lab experiment. One hour later, each dog re- 
ceived a different autonomic drug, and the effects of that 
drug were recorded. Which of the following drug-induced 
effects was most likely best counteracted by propranolol 
pretreatment? 

A. Isoproterenol-induced hyperglycemia 

B. Nicotine-induced decrease in skin blood flow 
C Norepinephrine-induced reflex bradycardia 

D. Phenylephrine-induced mydriasis 

E. Pilocarpine-induced contraction of bronchial muscle 



Difficulty level: Hard 

17 . Anew drug was studied in laboratory animals. Epinephrine 
was given either alone or after the administration ofthe new 
drug X. Some plasma values were then recorded, as reported 
in the table below: 



Epinephrine 

Alone 

Epinephrine 
after Drug X 

Renin (mU/L) 

250 

70 

Blood glucose (mg/dL) 

160 

155 


Which of the following drugs did the new agent most 
resemble? 

A. Albuterol 

B. Timolol 
C Atenolol 

D. Atropine 

E. Propranolol 

F. Prazosin 

Difficulty level: Medium 

18 . A 44-year-old man who had been suffering from migraine 
for 3 months complained to his physician that his migraine 
attacks were effectively aborted by sumatriptan, but they 
were not reduced in frequency. The physician decided to 
start a treatment to reduce the frequency of attacks and 
chose propranolol as the initial agent. Which of the follow- 
ing pairs of adverse effects would be expected to be most 
likely during the first days of therapy? 

A. Postural hypotension and fainting 

B. Palpitations and flushing 

C Impairment of far vision and photophobia 

D. Insomnia and nightmares 

E. Severe constipation and gastroesophageal reflux 
Difficulty level: Medium 

19 . A 42-year-old man came to the clinic for a follow-up visit 
2 months after being diagnosed with essential hyperten- 
sion. Therapy with propranolol and hydrochlorotiazide was 
started at the time ofdiagnosis. His blood pressure remained 
poorly controlled, and he admitted he had been taking the 
pills only once in a while, because of a disturbing adverse 
effect. Which of the following was most likely the effect 
mentioned by the patient? 

A. Palpitations 

B. Sexual dysfunction 
C Migraine headache 

D. Tremor 

E. Anginal pain 


Difficulty level: Medium 

20 . A47-year-old man who had been suffering from diabetes for 
1 0 years was admitted to the hospital following a myocardial 
infarction. He was discharged 10 days later with a postdis- 
charge therapy that included atenolol. The patient was in- 
structed to monitor his blood glucose level carefully for both 
hyper- and hypoglycemia after the drug was initiated. Which 
of the following statements about atenolol best explains the 
reason for glucose monitoring? 

A. It can dangerously increase blood sugar levels. 

B. It can blunt some symptoms of hypoglycemia. 

C It can increase insulin secretion. 

D. It can impair lipid metabolism. 

E. It decreases renin release. 

Difficulty level: Hard 

21 . A 57-year-old woman was discharged from the hospital 
after an acute myocardial infarction. The woman had been 
suffering from mild seasonal asthma for 15 years. Her post- 
discharge therapy included atenolol, one tablet daily. Which 
of the following was the most likely rationale behind pre- 
scribing atenolol to this patient? 

A. It can counteract pulmonary vasoconstriction. 

B. It blocks adrenoceptors only. 

C It has antiinflammatory effects in asthmatics. 

D. It can block pulmonary a adrenoceptors. 

E. It has an intermediate half-life (about 6 hours). 

Difficulty level: Medium 

22. A 47-year-old man was diagnosed with benign prostatic 
hyperplasia. Surgical ablation ofthe prostate was contrain- 
dicated, and a drug suitable for the treatment ofthe patient’s 
impaired bladder emptying was prescribed. Which of the 
following molecular actions most likely contributed to the 
therapeutic effect of that drug in the patient’s disease? 

A. Decreased blood flow in prostatic vessels 

B. Relaxation of prostate capsule 

C Relaxation of the detrusor muscle 

D. Decreased systemic blood pressure 

E. Decreased diuresis 

Difficulty level: Hard 

23 . A 25-year-old man complained to his physician of a fine, 
slow tremor ofthe hands elicited by performing skilled acts. 
The patient noticed that the tremor was getting worse, es- 
pecially when he felt tense and anxious. Medical history 
showed that the patient’s father had a similar symptom. 
Neurologic examination of the patient was unremarkable. 
A preliminary diagnosis was made, and a therapy was pre- 
scribed. Which of the following drugs would be appropriate 
for this patient? 



A. Prazosin 

B. Clonidine 
C Albuterol 

D. Physostigmine 

E. Propranolol 

Difficulty level: Hard 

24 . A 31-year-old man was brought to the emergency depart- 
ment after the police found him shouting and acting irratio- 
nally in the street. The man admitted that for the past few 
hours he had been using amphetamines that he had obtained 
from a new dealer. He was agitated and anxious and exhib- 
ited psychotic behavior. Vital signs were blood pressure 
230/150 mm Hg, heart rate 160 bpm, respirations 20/min. An 
emergency therapy was started, and the patient was treated 
with intravenous diazepam, but 30 minutes later his blood 
pressure was still 210/130. Which of the following pairs of 
drugs would be appropriate to include in the patient’s treat- 
ment at this time? 

A. Phentolamine followed by propranolol 

B. Phenoxybenzamine followed by esmolol 
C Metyrosine followed by neostigmine 

D. Bethanechol followed by phenylephrine 

E. Clonidine followed by albuterol 

Difficulty level: Medium 

25 . A 57-year-old alcoholic man with liver cirrhosis was admit- 
ted to the intensive care unit with a 2-week history of in- 
termittent melena. Esophagoscopy revealed three chains of 
large varices in the lower esophagus with signs of recent 
bleeding. An appropriate treatment was performed that in- 
cluded a drug aimed at reducing the portal pressure. Which 
of the following drugs was most likely given? 

A. Albuterol 

B. Propranolol 
C Methyldopa 

D. Clonidine 

E. Prazosin 

Difficulty level: Medium 

26 . A5 1-year-old woman presented to the clinic with a 1-month 
history of palpitations, insomnia, nervousness, fatigue, diar- 
rhea, and heat intolerance. The physical examination revealed 
hyperreflexia, lid lag, and mild tremor. Vital signs were blood 
pressure 160/60, heart rate 95 bpm. Which of the following 
drugs was most likely appropriately included in the thera- 
peutic management of this patient? 

A. Albuterol 

B. Propranolol 
C Labetalol 

D. Prazosin 

E. Phenoxybenzamine 


Difficulty level: Hard 

27 . A 32-year-old man complained to his physician that he felt 
anxious and tense. History revealed that he was a musician 
and had to give an important piano concert that evening. The 
physician told the patient that he was suffering from per- 
formance anxiety and prescribed a drug to be taken 2 hours 
before the performance. Which of the following drugs was 
most likely prescribed? 

A. Diazepam 

B. Propranolol 
C Fluoxetine 

D. Venlafaxine 

E. Buspirone 

Difficulty level: Easy 

28. A 65-year-old man, recently diagnosed with prostatic hy- 
perplasia, started treatment with prazosin, one tablet daily. 
Which of the following adverse effects would be most likely 
to occur during the first days of therapy? 

A. Mydriasis 

B. Impaired micturition 
C Pale and cold skin 

D. Bronchoconstriction 

E. Postural hypotension 

Difficulty level: Easy 

29 . A 44-year-old woman suffering from open-angle glaucoma 
had been receiving topical timolol for 3 months. The disease 
was well controlled, and the treatment stopped the progres- 
sion of optic nerve damage. Which of the following molecu- 
lar actions most likely mediated the therapeutic efficacy of 
the drug in the patient’s disease? 

A. Opening of ligand-gated K + channels 

B. Increased synthesis of diacylglycerol (DAG) 

C Decreased synthesis of cyclic guanosine monophosphate 
(cGMP) 

D. Decreased activity of adenylate cyclase 

E. Increased synthesis of tyrosine kinase 

F. Opening of ligand-gated Na + channels 

Difficulty level: Easy 

30 . A 33-year-old man recently diagnosed with pheochromo- 
cytoma was scheduled for surgery. The week before the 
operation he received a treatment with a drug that acts by 
decreasing catecholamine biosynthesis. Which of the fol- 
lowing drugs was most likely administered? 

A. Phenoxybenzamine 

B. Propranolol 
C Metyrosine 

D. Dexamethasone 

E. Levothyroxine 



Questions: H-4 Cholinergic Drugs 


Directions for questions 1-5 

Match each cholinergic drug with the appropriate description 
(each lettered option can be selected once, more than once, or 
not at all). 

A. Acetylcholine 

B. Bethanechol 
C Carbachol 

D. Donepezil 

E. Edrophonium 

F. Muscarine 

G. Neostigmine 

H. Parathion 

I. Pilocarpine 
J Pralidoxime 
K. Physostigmine 

Difficulty level: Easy 

1. Inhibition of cholinesterases by this drug is very short (2-10 
minutes). 

Difficulty level: Easy 

2 . This drug can inhibit cholinesterases equally well in the pe- 
riphery as in the central nervous system. 

Difficulty level: Easy 

3. This compound can be absorbed effectively through the intact 
skin. 

Difficulty level: Easy 

4 . This drug is able to regenerate cholinesterases blocked by 
organophosphates. 

Difficulty level: Easy 

5 . This drug can inhibit cholinesterases and directly activate 
Nm cholinergic receptors. 

Difficulty level: Medium 

6. A new autonomic drug was given intravenously to dogs 
during a lab experiment. It was found that the drug was able 
to increase cholinergic transmission in both the peripheral 
and central nervous systems. Which of the following drugs 
does the new agent most resemble? 

A. Acetylcholine 

B. Carbachol 
C Bethanechol 

D. Neostigmine 

E. Physostigmine 


Difficulty level: Hard 

7. A 62-year-old man suffering from open-angle glaucoma un- 
derwent ocular surgery for canaloplasty. Before the opera- 
tion, the ophthalmologist instilled a few drops of carbachol in 
the conjunctival sac. Which of the following anatomical struc- 
tures represents the primary site of action of the drug in this 
patient? 

A. Ganglionic neurons 

B. Ciliary muscle 
C Lens 

D. Radial muscle of the iris 

E. Brainstem 

Difficulty level: Hard 

8. A 51-year-old diabetic woman presented to the emergency 
room with severe ocular pain and redness, decreased vision, 
colored halos, and nausea and vomiting. Ophthalmoscopy re- 
vealed anterior chamber inflammation, and tonometry mea- 
sured an intraocular pressure of 48 mm Hg in the right eye 
(normal 10-20 mm Hg). Adiagnosis of an acute glaucoma at- 
tack was made, and two drugs were instilled in the conjuncti- 
val sac. Another drug was given by the same route 1 5 minutes 
later. Which of the following three drugs were most likely 
administered? 

A. Timolol, apraclonidine, and pilocarpine 

B. Homatropine, carbachol, and timolol 

C Scopolamine, dorzolamide, and phenylephrine 

D. Homatropine, carbachol, and dorzolamide 

E. Prazosin, physostigmine, and mannitol 

Difficulty level: Medium 

9 . A 62-year-old woman had no bowel movements 4 days after 
surgery to remove a colon cancer. A diagnosis of adynamic 
ileus was made, and an intramuscular injection of neostig- 
mine was given. The activation of which of the following pairs 
of receptors most likely mediated the therapeutic effect of the 
drug in the patient’s disorder? 

A. Nm and M 0 cholinergic 

B. Nn and M 3 cholinergic 

C. (3 0 adrenergic and M 3 cholinergic 

D. (3^ adrenergic and Nn cholinergic 

E. Nn cholinergic and adrenergic 

F. Nm cholinergic and oij adrenergic 




Difficulty level: Easy 

10 . A 74-year-old man complained to his physician of memory 
impairment that had worsened over the past 2 months. He 
also reported that he had increasing difficulty in recogniz- 
ing familiar objects and in planning everyday activities such 
as shopping. Physical examination revealed no neurologic 
deficits, but the man performed very poorly in the Folstein 
Mini-Mental Status Exam. Donepezil was prescribed. Which 
of the following molecular mechanisms most likely mediated 
the therapeutic effect of the drug in the patient’s disease? 

A. Inhibition of norepinephrine reuptake 

B. Stimulation of norepinephrine release 
C Blockade of nicotinic neuronal receptors 

D. Inhibition of cholinesterase 

E. Blockade of muscarinic Mj receptors 

F. Inhibition of choline acetyltransferase 

Difficulty level: Medium 

11 . A7 1 -year-old man suffering from myasthenia gravis was ad- 
mitted to the hospital for evaluation. His therapy included 
neostigmine, three tablets daily. It was found that the pa- 
tient had a slow heart rate (46 bpm), which the physician 
thought was related to neostigmine therapy. Which of the 
following molecular mechanisms most likely mediated this 
adverse effect of the drug? 

A. Opening of ligand-gated K + channels 

B. Opening of voltage-gated Na + channels 

C. Increased synthesis of inositol triphosphate (IP 3 ) and 
diacylglycerol (DAG) 

D. Opening of ligand-gated Ca 2+ channels 

E. Increased synthesis of adenylyl cyclase 

Difficulty level: Medium 

12 . A 67-year-old woman suffering from glaucoma underwent 
trabeculectomy, a surgical procedure to remove part of the 
trabecular meshwork of the eye. Before the operation, the 
ophthalmologist instilled a few drops of pilocarpine in the 
conjunctival sac. Which of the following sets of effects most 
likely occurred shortly after the administration of the drug? 
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Difficulty level: Medium 

13 . A 79-year-old female resident of a nursing home was re- 
cently diagnosed with urinary overflow incontinence due to 
an atonic bladder, and a treatment with bethanechol was 
prescribed. Which of the following actions most likely medi- 
ated the therapeutic effectiveness ofthe drug in the patient’s 
disorder? 

A. Increased bladder sphincter tone 

B. Decreased ureteral peristalsis 

C Decreased compliance ofthe bladder 

D. Decreased diuresis 

E. Increased tone of the bladder trigone 

Difficulty level: Hard 

14 . A 58-year-old woman with a long history of depression was 
brought to the emergency department with vomiting, uri- 
nary incontinence, profuse salivation, cold sweat, rapid and 
irregular pulse, tachypnea, and mental confusion. She ad- 
mitted attempting suicide by ingesting several tablets found 
in her husband’s bureau drawer. Soon after admission, the 
woman experienced a tonic-clonic seizure. Which ofthe fol- 
lowing drugs most likely caused the patient’s poisoning? 

A. Clonidine 

B. Scopolamine 
C Nicotine 

D. Bethanechol 

E. Neostigmine 

Difficulty level: Medium 

15 . A65-year-old man suffering from open-angle glaucoma had 
been receiving several drugs over the past 6 months, but 
the control of intraocular pressure proved inadequate. The 
ophthalmologist decided to add a drug and prescribed echo- 
thiophate. Which of the following actions most likely medi- 
ated the therapeutic effect of echothiophate in the patient’s 
disease? 

A. Contraction of the radial muscle of the iris 

B. Contraction ofthe sphincter ofthe iris 

C Decreased production of aqueous humor 

D. Dilation of the episcleral venous plexus 

E. Dilation of retinal vessels 

F. Contraction of the ciliary muscle 



Difficulty level: Easy 

16 . A 49-year-old farmer came to the emergency department 
complaining of blurred vision, nausea, and painful muscle 
contractions in his legs. He said the symptoms started soon 
after coming in from his soybean field. The attending physi- 
cian appropriately administered pralidoxime intravenously 
soon after the man arrived. An agent from which of the 
following drug classes most likely caused the patient’s 
symptoms? 

A. Adrenergic antagonists 

B. Carbamates 

C Cholinergic antagonists 

D. Organophosphates 

E. Alcohols 

Difficulty level: Medium 

17 . A 41-year-old man was brought to the emergency depart- 
ment because of severe vomiting and diarrhea that started 
about 1 hour after a meal. The patient showed profuse sali- 
vation, lacrimation, and wheezing. His skin was moist, and 
his pupils were miotic. Skeletal muscle movements were 
normal. Blood pressure was 80/50 mm Hg, pulse 46 bpm. 
Poisoning of this patient was most likely due to which of the 
following agents? 

A. Muscarine-containing mushrooms 

B. Nicotine-containing insecticide 

C Organophosphate-containing insecticide 

D. Atropine-containing mushrooms 

E. Carbamate-containing insecticide 

Difficulty level: Easy 

18 . A 61 -year-old man complained to his physician of brow 
ache, difficulty with far vision, and problems seeing in dim 
light. The man had a long history of open-angle glaucoma. 
One month earlier, he had changed his ophthalmic medica- 
tion. Which of the following was most likely his new drug? 

A. Pilocarpine 

B. Timolol 

G Apraclonidine 

D. Epinephrine 

E. Phenylephrine 

F. Neostigmine 

Difficulty level: Easy 

19 . A64-year-old man, recently diagnosed with myasthenia gra- 
vis, started treatment with neostigmine. Which of the fol- 
lowing adverse effects would be most likely in this patient? 


A. Mydriasis 

B. Constipation 

C Overflow incontinence 

D. Sialorrhea 

E. Near vision impairment 

Difficulty level: Medium 

20 . A63-year-old woman underwent a total hysterectomy to re- 
move a uterine leiomyoma. General anesthesia was induced 
with thiopental sodium, maintained with halothane and 
nitrous oxide, and supplemented with tubocurarine. Which 
of the following drugs did the patient most likely receive 
after the operation to reverse the skeletal muscle paralysis? 

A. Physostigmine 

B. Edrophonium 
C Neostigmine 

D. Bethanechol 

E. Pralidoxime 

Difficulty level: Medium 

21 . A 74-year-old man with a long history of type 2 diabetes 
complained to his physician of difficult urination. Further 
examination led to the diagnosis of a disorder, and treat- 
ment with bethanechol improved the symptoms. Which of 
the following was most likely the patient’s disorder? 

A. Prostatic hyperplasia 

B. Impaired diuresis 

C Detrusor hyperreflexia 

D. Neurogenic atony of the bladder 

E. Urinary tract infection 

Difficulty level: Medium 

22 . A47-year-old man was admitted to the emergency depart- 
ment because of extreme muscle weakness, ptosis, diplopia, 
and difficulty in swallowing, speaking, and breathing. The 
man, recently diagnosed with severe myasthenia gravis, had 
been receiving neostigmine for the past 3 months. Which of 
the following responses to 2 mg of intravenous edrophonium 
would indicate a cholinergic crisis? 

A. No fasciculations, increased muscle strength 

B. Fasciculations, decreased muscle strength 

C No fasciculations, no change in muscle strength 

D. No fasciculations, decreased muscle strength 

E. Fasciculations, increased muscle strength 

Difficulty level: Hard 

23 . A 60-year-old male patient presented for routine ophthal- 
mic examination. Tonometry measured an intraocular pres- 
sure of 28 mm Hg in both eyes (normal 10-20 mm Hg). The 
patient had been suffering from complete atrioventricular 




(AV) block for 2 years. The ophthalmologist prescribed ap- 
propriate eye drops. Which of the following drugs was most 
likely included in the treatment? 

A. Timolol 

B. Prazosin 

C Isoproterenol 

D. Pilocarpine 

E. Albuterol 

F. Horn atropine 

Difficulty level: Medium 

24 . A 3-year-old boy was rushed to the emergency department 
with mental confusion, restlessness, incoherence, and hal- 
lucinatory behavior. His mother stated that the child had 
eaten several black berries of a wild plant while playing with 
friends in the woods. Physical examination revealed mydria- 
sis; dry, hot, and scarlet skin; and a distended abdomen with 
no bowel sounds. Vital signs were temperature 104. 5°F 
(40.3 °C), heart rate 145 bpm, blood pressure 1 05/60 mm Hg. 
Which of the following drugs would antagonize most of the 
symptoms exhibited by the patient? 

A. Neostigmine 

B. Albuterol 

C Physostigmine 

D. Epinephrine 

E. Prazosin 

F. Phenylephrine 

Difficulty level: Medium 

25 . A high dose of nicotine was administered intravenously to 
dogs in a laboratory experiment. An initial increase in blood 
pressure was soon followed by a profound decrease of blood 
pressure. Which ofthe following molecular mechanisms most 
likely mediated the decrease in blood pressure? 

A. Long-lasting activation of nicotinic neuronal receptors 

B. Long-lasting blockade of muscarinic M 0 receptors 
C Long-lasting blockade of muscarinic M } receptors 

D. Prevention of acetylcholine release from presynaptic 
terminals 

E. Prevention of catecholamine release from chromaffin 
cells 

Difficulty level: Easy 

26 . A55-year-old woman presented to a clinic because of a grad- 
ual onset of a scratchy sensation on both eyes and extreme 
dryness of the mouth and lips. Lab tests showed elevated 
levels of antibodies against gamma globulin. A diagnosis of 
Sjogren syndrome was made, and a drug was prescribed to 
relieve the patient’s xerostomia. Which of the following 
drugs was most likely administered? 


A. Acetylcholine 

B. Phenylephrine 
C Prazosin 

D. Donepezil 

E. Pilocarpine 

Difficulty level: Hard 

27 . A 59-year-old man underwent surgery to remove a colon 
carcinoma. Three days after surgery, he developed fever 
(103°F, 39.4°C), abdominal distention, and vomiting. Palpa- 
tion showed tenderness over the entire abdomen, and aus- 
cultation revealed no bowel sounds. Which of the following 
therapeutic measures would be absolutely contraindicated 
in this case? 

A. Parenteral administration of an antipyretic 

B. Nasogastric intubation and suction 
C Parenteral antibiotic therapy 

D. Subcutaneous administration of neostigmine 

E. Intravenous administration of fluid and electrolytes 

Difficulty level: Medium 

28 . A 6-year-old boy, on vacation with his parents in Mexico, 
was brought unconscious to the emergency department. His 
parents reported that the boy had eaten an apple bought 
from a local vendor 2 hours earlier. Physical examination 
showed that the boy was salivating profusely and was incon- 
tinent with regard to both urine and feces. He had pinpoint 
pupils, moist skin, and shallow respiration. A diagnosis was 
made, and two appropriate drugs were administered intra- 
venously. Which of the following pairs of drugs were most 
likely given? 

A. Physostigmine and atropine 

B. Physostigmine and pralidoxime 
C Physostigmine and propranolol 

D. Pralidoxime and propranolol 

E. Atropine and propranolol 

F. Atropine and pralidoxime 

Difficulty level: Easy 

29 . A 13-year-old boy started smoking his first cigarette. Which 
of the following effects was most likely elicited by nicotine 
soon after smoking? 

A. Bronchodilation 

B. Dilation ofthe skin and splanchnic vessels 

C Increased epinephrine secretion from the adrenal 
medulla 

D. Inhibition of gastrointestinal secretions 

E. Relaxation ofthe detrusor muscle 



Difficulty level: Easy 

30 . A 12-year-old girl started smoking her first cigarette. A few 
minutes later, she had two episodes of nausea and vomiting. 
Activation of receptors located in which of the following 
sites most likely mediated this adverse effect of nicotine? 

Questions: II-5 Anticholinergic Drugs 

Directions for questions 1-5 

Match each antimuscarinic or ganglionic drug with the appropri- 
ate description (each lettered option can be selected once, more 
than once, or not at all). 

A. Atropine 

B. Benztropine 
C Darifenacin 

D. Glycopyrrolate 

E. Horn atropine 

F. Ipratropium 

G. Mecamylamine 

H. Scopolamine 

Difficulty level: Easy 

1. This drug is currently used in bronchospastic disorders. 
Difficulty level: Easy 

2. This drug almost exclusively blocks muscarinic M 3 receptors. 
Difficulty level: Easy 

3 . This drug is mainly used in parkinsonism. 

Difficulty level: Easy 

4 . This drug can block only nicotinic neuronal receptors. 
Difficulty level: Easy 

5 . This drug is used almost exclusively to diagnose or treat eye 
disorders. 

Difficulty level: Medium 

6. A25-year-old man experienced severe motion sickness when- 
ever he traveled by air or sea. He felt much better after using a 
transdermal patch to apply a drug before traveling. Blockade 
of which of the following receptors most likely mediated the 
therapeutic effect of the drug in the patient’s disorder? 

A. H l histaminergic 

B. adrenergic 

C. D 2 dopaminergic 

D. 5-HT 3 serotoninergic 

E. Mj cholinergic 

F. Nn cholinergic 


A. Sympathetic ganglia 

B. Ch emoreceptor trigger zone 
C Locus ceruleus 

D. Adrenal medulla 

E. Vestibular nuclei 


Difficulty level: Medium 

7 . A33-year-old woman suffering from irritable bowel syndrome 
was prescribed glycopyrrolate. Blockade of which of the fol- 
lowing pairs of receptors most likely mediated the therapeu- 
tic effect of the drug in the patient’s disease? 

A. p 2 and Nm 

B. M 0 and Nn 

C. M 3 and Nn 

D. OQ and M 0 

E. Mj and M 3 

Difficulty level: Hard 

8. A 62-year-old woman who was on vacation in Guatemala 
presented to the local hospital with nausea, vomiting, and 
profuse, watery diarrhea. The symptoms had appeared after 
eating raw oysters. She was prescribed atropine, which re- 
lieved her diarrhea. Which of the following molecular actions 
most likely mediated the therapeutic effect of atropine in the 
patient’s disorder? 

A. Inhibition of histamine secretion by gastric cells 

B. Decreased cytosolic Ca 2+ in smooth muscle cells 

C. Opening of Na + channels in smooth muscle cells 

D. Increased firing discharge of the vagus nerve 

E. Activation of presynaptic cholinergic autoreceptors 

Difficulty level: Hard 

9 . A 42-year old man was hospitalized with the admitting diag- 
nosis ofmyocardial infarction. Vital signs were blood pressure 
100/60 mm Hg, heart rate 40 bpm, respirations 12/min. The 
bradycardia disappeared after an intramuscular injection of 
atropine. The increased heart rate was most likely due to coun- 
teraction by atropine of which of the following acetylcholine- 
induced actions? 

A. Release of nitric oxide 

B. Opening of K + channels in sinoatrial node 

C. Decrease in cardiac contractility 

D. Opening of Na + channels in ganglionic neurons 

E. Activation of cardiac presynaptic autoreceptors 




Difficulty level: Medium 

10 . A 5-year-old girl who was on vacation in Venezuela with 
her parents was admitted to the local hospital with fever 
(103. 7°F, 39.8°C), mental confusion, restlessness, and hallu- 
cinatory behavior. History revealed that the girl had eaten 
some honey bought from a local vendor. Physical examination 
revealed mydriasis; dry, hot, and red skin; and a distended 
abdomen. A diagnosis of atropine poisoning was made, and 
an appropriate therapy was started. Which of the following 
molecular actions most likely contributed to the atropine- 
induced hyperthermia in this patient? 

A. Skin vasoconstriction 

B. Blockade of prostaglandin synthesis in the hypothalamus 
C Uncoupling of oxidative phosphorylation in skeletal 

muscle 

D. Blockade of muscarinic receptors in the hypothalamus 

E. Blockade of muscarinic receptors of sweat glands 

Difficulty level: Medium 

11 . A 54-year-old man, recently diagnosed with chronic obstruc- 
tive pulmonary disease, started a therapy with ipratropium 
bromide using a metered-dose inhaler. Which of the follow- 
ing statements best explains why drugs from the ipratro- 
pium class are the only antimuscarinic drugs used to treat 
bronchospastic disorders? 

A. They are more potent than other antimuscarinic drugs. 

B. They have an oral bioavailability higher than that of 
other antimuscarinic drugs. 

C They have excellent inhalatory bioavailability. 

D. They have negligible effects on bronchial secretions and 
mucociliary clearance. 

E. They have negligible effects on the central nervous 
system. 

Difficulty level: Medium 

12 . A 25-year-old man went to his ophthalmologist’s office for 
a routine visit. He received one drop of homatropine in the 
conjunctival sac to prepare the eye for examination. Which 
of the following sets of effects did the drug most likely cause 
in the patient’s eye, a few minutes after the administration? 
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Difficulty level: Medium 

13 . A 77-year-old woman was found to have elevated intraocular 
pressure during a routine eye examination. History indicated 
that she had recently been taking several antimuscarinic 
medications to treat her bladder hyperreflexia. The ophthal- 
mologist told her that he believed the increased intraocular 
pressure was an adverse effect of those medications. Which 
of the following ocular actions most likely mediated this 
adverse effect? 

A. Relaxation of the ciliary muscle 

B. Increased aqueous humor production 
C Dilation of ciliary body vessels 

D. Relaxation of the radial muscle of the iris 

E. Decreased episcleral aqueous humor outflow 

F. Relaxation of the tarsal muscle 

Difficulty level: Easy 

14 . An 85-year-old male resident of a nursing facility com- 
plained of frequent urinary urges that often resulted in urine 
leakage. Darifenacin was prescribed to manage the patient’s 
incontinence. Which of the following actions most likely 
mediate the therapeutic effect of the drug? 

A. Decreased bladder internal sphincter tone 

B. Relaxation of the prostate capsule 
C Contraction of the detrusor muscle 

D. Decreased diuresis 

E. Increased compliance of the bladder 

Difficulty level: Medium 

15 . A 77-year-old man suffering from chronic obstructive pul- 
monary disease had been taking ipratropium by inhalation. 
Shortly after inadvertently spraying the medication on his 
face, which of the following effects did the patient most likely 
experience? 

A. Urge incontinence 

B. Drowsiness 
C Salivation 

D. Atrioventricular (AV) block 

E. Difficulty in near vision 

F. Hallucinations 



Difficulty level: Medium 

16 . An 8-year-old boy was in an ophthalmologist’s office for the 
first time and received ophthalmic drops of a drug to pre- 
pare his eyes for measurement of refractive errors. A half 
hour later, he showed mental confusion, restlessness, inco- 
herence, and hallucinatory behavior. His pulse rate was 120 
bpm. Which of the following drugs most likely caused the 
patient’s adverse effects? 

A. Phenylephrine 

B. Epinephrine 
C Atropine 

D. Timolol 

E. Pilocarpine 

Difficulty level: Hard 

17 . A 73-year-old man with atrial fibrillation presented to the 
clinic because of dizziness, palpitations, dyspnea, and an ur- 
gent need to urinate. The man was on vacation in Mexico, 
and the symptoms started 1 hour after taking an over-the- 
counter preparation bought at a local pharmacy to treat di- 
arrhea. Which of the following drugs most likely caused the 
patient’s symptoms? 

A. Phenylephrine 

B. Epinephrine 
C Atropine 

D. Propranolol 

E. Albuterol 

Difficulty level: Hard 

18 . A 23-year-old man was admitted to the emergency depart- 
ment with palpitations, restlessness, and hallucinatory be- 
havior. He admitted that he was a heroin addict and that 1 
hour earlier, he had self-injected his usual dose of “smack,” 
bought from a new vendor. Physical examination showed a 
distressed man with the following signs: 

Blood pressure: 160/80 mm Hg 

Pulse 135 

Pupils: dilated 

Skin: hot and dry 

Bowel sounds: decreased 

Which of the following drugs most likely caused the patient’s 
signs and symptoms? 

A. Nicotine 

B. Bethanechol 
G Scopolamine 

D. Pralidoxime 

E. Neostigmine 


Difficulty level: Medium 

19 . A67-year-old man recently diagnosed with benign prostatic 
hyperplasia was scheduled for surgery. Which of the follow- 
ing drug classes would be absolutely contraindicated in this 
patient? 

A. Alpha- 1 blockers 

B. Antimuscarinics 
C Beta blockers 

D. Alpha-2 agonists 

E. Beta-1 agonists 

Difficulty level: Medium 

20 . A 55-year-old woman was admitted to the hospital with 
shallow breathing, wheezing, profuse rhinorrhea, lacrima- 
tion, ocular pain, and diminished vision. She reported that 
the symptoms started when she was in her garden spraying 
flowers with an insecticide containing carbaryl, a reversible 
cholinesterase inhibitor. Which of the following drugs would 
be appropriate to treat this patient’s disorder? 

A. Pralidoxime 

B. Terbutaline 
C Epinephrine 

D. Glycopyrrolate 

E. Atropine 

Difficulty level: Easy 

21 . A 64-year-old man complained to his physician of a recent 
onset of diarrhea. The physician believed the diarrhea was 
related to aspirin and misoprostol that the patient had started 
taking 1 week earlier for the treatment of joint pain due to 
osteoarthritis. Which of the following drugs would be most 
appropriate to treat the patient’s diarrhea? 

A. Phenylephrine 

B. Ipratropium 
C Propranolol 

D. Glycopyrrolate 

E. Prazosin 

F. Donepezil 

Difficulty level: Easy 

22 . A 63-year-old man underwent surgery to remove a laryngeal 
carcinoma. Before surgery, the anesthesiologist administered 
a drug intramuscularly to decrease bronchial secretions and 
to prevent bradycardia due to manipulation of the vagus 
nerve. Which of the following drugs would be most appro- 
priate in this situation? 

A. Ipratropium 

B. Dopamine 
C Atropine 

D. Isoproterenol 

E. Epinephrine 



Difficulty level: Hard 

23. A 44-year-old man collapsed at work and was found to be 
unresponsive. When the paramedics arrived, he had ventric- 
ular fibrillation and was cardioverted successfully. He was 
admitted to the coronary unit, but shortly thereafter he de- 
veloped asystole. Cardiopulmonary resuscitation was started, 
and escalating doses of epinephrine were given without suc- 
cess. Which of the following drugs would be most appropri- 
ately administered at this point? 

A. Neostigmine 

B. Norepinephrine 
C Dopamine 

D. Atropine 

E. Ipratropium 

Difficulty level: Medium 

24. In a laboratory experiment, a mecamylamine pretreatment 
was given intramuscularly to several dogs. One hour later, 
each dog received an autonomic drug, and the effect of that 
drug was recorded. Which of the following expected drug- 
induced effects was most likely best counteracted by me- 
camylamine pretreatment? 

A. Neostigmine-induced increase in intestinal peristalsis 

B. Nicotine-induced contraction of skeletal muscle 
C Norepinephrine-induced bradycardia 

D. Epinephrine-induced tachycardia 

E. Propranolol-induced hypotension 

Difficulty level: Easy 

25. A 43-year-old man came to the hospital for a radiologic 
examination of the colon. Before starting the exam, he re- 
ceived an intramuscular injection of scopolamine to relax 
the intestine. Which of the following adverse effects did the 
patient most likely experience a few minutes after the 
administration? 

A. Salivation 

B. Abdominal pain 
C Palpitations 

D. Painful erection 

E. Urge urinary incontinence 

Difficulty level: Easy 

26. Atropine was given intramuscularly to several dogs during a 
lab experiment. One hour later each dog received an intra- 
muscular injection of an autonomic drug, and the effects of 
that drug were recorded. Which of the following expected 
drug-induced effects was most likely best antagonized by 
atropine pretreatment? 


A. Physostigmine-induced sweating 

B. Epinephrine-induced hypertension 

C Nicotine-induced skin vasoconstriction 

D. Prazosin-induced reflex tachycardia 

E. Glycopyrrolate-induced bronchodilation 

Difficulty level: Easy 

27. A 23-year-old man complained to his physician of photo- 
phobia and difficulty in reading the newspaper. A few days 
earlier, the man had started using a nasal spray of ipratro- 
pium to manage profuse rhinorrhea associated with a cold. 
Which of the following molecular actions most likely medi- 
ated the adverse effects of the drug? 

A. Blockade of M 3 muscarinic receptors 

B. Activation of M 3 muscarinic receptors 
C Blockade of(3 0 adrenoceptors 

D. Activation of (3 0 adrenoceptors 

E. Blockade ofoij adrenoceptors 

F. Activation ofo^ adrenoceptors 

Difficulty level: Easy 

28. A 55-year-old man was admitted to the coronary unit fol- 
lowing a myocardial infarction. Four hours after admission, 
the electrocardiogram indicated bradycardia that disappeared 
after an intramuscular injection of atropine. Which of the 
following actions most likely mediated the therapeutic ef- 
fect of atropine in the patient’s disorder? 

A. Dilation of capacitance vessels 

B. Increased heart contractility 
C Decreased blood pressure 

D. Increased atrioventricular (AV) conduction 

E. Constriction of resistance vessels 

F. Increased heart refractoriness 

Difficulty level: Medium 

29. A 25-year-old woman complained to her physician of ex- 
cessive axillary sweating and a sweaty forehead, primarily 
when she was anxious or excited. The woman stated that the 
symptom were very disturbing and asked for a treatment. 
The physician prescribed glycopyrrolate cream, to apply to 
the affected areas. Blockade of which of the following recep- 
tors most likely mediated the therapeutic effect of the drug 
in the patient’s disorder? 

A. (3 0 adrenergic 

B. Nn cholinergic 
G D 1 dopaminergic 

D. a 0 adrenergic 

E. M 3 muscarinic 




Difficulty level: Easy 

30 . In a clinical experimental setting, a 33-year-old healthy man 
received an intramuscular injection of a ganglionic blocker 
with a fast onset of action. A few minutes after the injection, 
which of the following heart rates, in beats per minute (bpm), 
was most likely observed in the man? 


A. 70 

B. 50 
C 100 

D. 130 

E. 150 


Answers and Explanations: II- 1 Introduction to Autonomic Pharmacology 


Questions 1-5 

1. A 

2. D 

3. F 

4. A 

5. H 

learning objective: Describe the metabolism of catecholamines. 

6. A Dopamine (3-hydroxylase is the enzyme that catalyzes the 
conversion of dopamine into norepinephrine. Because the 
enzyme is lacking, plasma levels of norepinephrine will be 
very low. 

B Plasma levels of dopamine would be high, not low. 

C Epinephrine is synthesized from norepinephrine in the 
adrenal medulla. Because plasma levels ofnorepinephrine are 
low, plasma levels of epinephrine will also be low, not high. 

D Normetanephrine is a urinary metabolite of norepi- 
nephrine. Because plasma levels of norepinephrine are low, 
normetanephrine will also be low, not high. 

EHomovanillic acid is the main urinary metabolite of dopa- 
mine. Because plasma levels of dopamine are high, homovan- 
illic acid will also be high, not low. 

learning objective: Identify the enzyme that controls the rate- 

limiting step in norepinephrine biosynthesis. 

7. C The hydroxylation of tyrosine to dopa is the rate-limiting 
step in norepinephrine biosynthesis and is catalyzed by the 
enzyme tyrosine hydroxylase. The inhibition of this enzyme 
will therefore cause a big reduction in biosynthesis of the 
final product. 

A Aromatic l-amino acid decarboxylase transforms dopa 
into dopamine. 

B Dopamine-(3-hydroxylase transforms dopamine into 
norepinephrine. 

D Phenylethanolamine methyltransferase transforms nor- 
epinephrine into epinephrine. 

E Monoamine oxidase transforms norepinephrine and epi- 
nephrine into dihydroxymandelic acid and dopamine into 
dihydroxyphenylacetic acid. 


learning objective: Explain the autonomic activation that follows 
hypoglycemia. 

8. D The described symptoms are most likely due to sympa- 
thetic activation that occurs any time significant hypoglyce- 
mia is present. In insulin-dependent diabetics, hypoglycemia 
is common after physical exercise that increases sugar metab- 
olism, as in the present case. Sympathetic activation includes 
an increased firing of preganglionic sympathetic neurons, 
which in turn will increase firing in postganglionic sympa- 
thetic neurons and epinephrine secretion from the adrenal 
medulla. 

A-C, E These neurons are not involved in sympathetic 
activation. 

learning objective: Identify the vessels where autonomic recep- 
tors are primarily a 1 adrenergic. 

9. EThe vascular system has both a 2 and (3 0 receptors. Alpha- 1 
receptors predominate in the vessels of the skin and the 
gastrointestinal and genitourinary systems. Beta-2 receptors 
predominate in the vessels of skeletal muscle and liver. Para- 
sympathetic receptors are not widely represented in the vas- 
cular system. 

A Autonomic receptors in the bronchial muscle are pri- 
marily M 3 and (3 0 . 

B Autonomic receptors in the sphincter muscle of the iris 
are primarily M 3 . 

C Autonomic receptors in the atrioventricular node are 
primarily M 0 and (3 r 

D Autonomic receptors in Purkinje fibers are primarily (3 r 

learning objective: Describe the effects of the activation of pe- 
ripheral post synaptic (3 1 receptors. 

10. DBeta-1 receptors are abundant in juxtaglomerular cells, and 
the activation of these receptors increases renin secretion. 

ABronchodilation is due mainly to activation of bronchial 
(3 0 receptors. 

B Uterine relaxation is due mainly to activation of uterine 
(3 0 receptors. 



C Increased liver gluconeogenesis is due mainly to activa- 
tion of liver (3 0 receptors. 

E Decreased insulin secretion is due mainly to activation 
of pancreas a 0 receptors. 

F Increased sweating of the palms of the hands is due 
mainly to activation of the palms’ receptors. 

Learning objective: Describe the effects of the activation of pan- 
creatic a 2 receptors. 

11. B Activation of a 2 receptors located on pancreatic (3 cells 
inhibits insulin secretion. This is one of the actions that con- 
tribute to the final hyperglycemic effect of epinephrine. 

A, D These effects are due to activation of a p not a 0 , 
receptors. 

C, E These effects are due to activation of receptors. 

FThis effect is due to activation of(3 0 receptors. 

Learning objective: Describe the effects of the activation ofa 1 and 
a 2 receptors on the eye. 

12. A Pupillary diameter can be increased either by the activa- 
tion ofa l receptors (which contracts the radial muscle ofthe 
iris) or by the blockade of M 3 receptors (which relaxes the 
sphincter muscle ofthe iris). The question asks for an activa- 
tion of a receptor, so the a l receptor must be involved. Intra- 
ocular pressure can be decreased by a decreased production 
or by an increased outflow of aqueous humor. A decreased 
production can follow either the activation of a 0 receptors 
or the blockade of p 0 receptors. The question asks for an ac- 
tivation of a receptor, so the a 2 receptor must be involved. 

B Beta-2 receptor activation would cause an increased 
production of aqueous humor and therefore would increase, 
not decrease, the intraocular pressure. 

C Activation ofNn receptors would cause an increase in 
sympathetic as well as parasympathetic firing. Because in the 
eye the parasympathetic system is predominant, this would 
lead to an activation of M 3 receptors in the ciliary muscle, 
which would increase the lens curvature and an activation 
of the iris sphincter muscle, which would decrease, not in- 
crease, the pupillary diameter. Activation of Nm receptors 
causes the contraction of skeletal muscles only and therefore 
can affect the extrinsic, not the intrinsic, eye muscles. 

D See answer explanation for item C. 

E See answer explanation for item B. 


Learning objective: Describe the effects of activation of a 1 recep- 
tors ofthe cardiovascular system. 

13. A Activation of receptors contracts vascular smooth mus- 
cle. This will increase the systolic blood pressure (which is 
dependent on both cardiac output and total peripheral re- 
sistance [TPR]), as well as diastolic blood pressure (which is 
dependent mainly on TPR). The increase in mean blood pres- 
sure causes an activation of the baroreceptor reflex, which in 
turn will decrease the heart rate. 

B Activation of preceptors would cause a decrease, not an 
increase, of TPR, because (3 0 receptors are abundant in skele- 
tal muscle vessels, and approximately one half of the body 
weight is skeletal muscle. 

C Activation of receptors would cause a dilation of 
splanchnic and renal vessels; therefore, the diastolic blood 
pressure would decrease, not increase. 

D Activation of M 0 receptors would decrease the heart 
contractility and rate, which in turn would decrease cardiac 
output. Therefore, the systolic blood pressure would decrease, 
not increase. 

E Activation ofpj receptors would increase, not decrease, 
the heart rate. 

Learning objective: Describe the postreceptor mechanisms of a 1 
receptor activation. 

14. B Alpha- 1 receptor activation may initiate several postrecep- 
tor mechanisms, depending on the tissue where the recep- 
tors are located. Among these, one of the most common is 
the activation of phospholipase C, which in turn results in 
the generation of two second messengers, IP 3 and DAG. IP 3 
stimulates the release of calcium from endoplasmic stores. 
DAG is a potent activator of protein kinase C, which in turn 
increases intracellular Ca 2+ . The final effect is therefore in- 
creased Ca 2+ availability, which enhances smooth muscle 
contraction. 

A The synthesis of IP 3 and DAG is actually increased, not 
decreased, by receptor activation (see correct answer 
explanation). 

C Alpha-1 receptors are mainly excitatory, so the open- 
ing of K + channels (which would lead to a hyperpolariza- 
tion of the membrane) is unlikely. In fact, they can close K + 
channels. 

D Blockade of voltage-gated Ca 2+ channels is the mecha- 
nism of action of Ca 2+ channel blockers 

E Increased synthesis of cGMP is the postreceptor mecha- 
nism triggered by beta-, not by alpha-, receptor activation. 



learning objective: Describe the effects of activation of(3 1 and (3 2 
receptors 

15. EThe activation of (3j receptors increases cardiac contractil- 
ity and rate, thus increasing cardiac output, which in turn 
increases systolic blood pressure. The activation of recep- 
tors causes peripheral vasodilation, thus decreasing the dia- 
stolic blood pressure. The mean blood pressure (diastolic 
plus one third of pulse pressure [the difference between the 
systolic and diastolic pressure readings]) of the volunteer 
was 90 mm Hg under control conditions and 80 mm Hg after 
the drug administration. The decreased blood pressure ac- 
tivated the baroreceptor reflex, causing reflex tachycardia. 
Moreover, the activation of both pj and (3 0 receptors also 
caused a direct increase in heart rate, so the final effect was 
a pronounced tachycardia. 

A-D Activation of none of these pairs of receptors can 
explain the cardiovascular actions of the autonomic drug 
under study. 

Learning objective: Identify the autonomic receptors that medi- 
ate the relaxation of bronchial smooth muscle. 

16. A Alpha-beta agonists induce relaxation of most smooth 
muscles both directly, by activating postsynaptic p 0 recep- 
tors, and indirectly, by activating presynaptic a 0 receptors 
on cholinergic terminals, which in turn inhibit acetylcholine 
release. 

B-E See correct answer explanation. 

Learning objective: Describe the effect of the activation ofp 2 and 
p 3 receptors. 

17. B Activation ofp 2 receptors increases liver gluconeogenesis, 
inhibits degranulation of mast cells, and decreases plasma 
K + (because of increased K + uptake by skeletal muscle). Ac- 
tivation of p 3 receptors in fat cells increases lipolysis with 
enhanced release of free fatty acids into the blood. 

CBeta-1 receptor activation is not involved, as the secre- 
tion of renin is unaffected. 

A, D-F These pairs of receptors can mediate some, but not 
all, of the effects listed. 


Learning objective: Describe the effects of the activation of M 3 
receptors on the eye. 

18. D Pupillary diameter and lens curvature are mainly under 
the control of the parasympathetic nervous system. Acti- 
vation of M 3 receptors on the iris sphincter muscle causes 
contraction of the muscle, decreasing pupillary diameter. 
Activation of M 3 receptors on ciliary muscle causes con- 
traction of the muscle, which leads to (1) relaxation of the 
zonula fibers, which in turn increases the lens curvature, and 
(2) opening the pores of the trabecular meshwork, which 
increases the outflow of the aqueous humor, decreasing the 
intraocular pressure. 

A Activation of a 1 receptors would contract the iris radial 
muscle, causing an increase, not a decrease, in pupillary 
diameter. 

B Activation of a 2 receptors would decrease the produc- 
tion of the aqueous humor. This would lead to a decrease in 
intraocular pressure, but pupil diameter and lens curvature 
would not be affected. 

C Activation ofNm receptors would cause the contraction 
of skeletal muscles only and therefore would affect the ex- 
trinsic, not the intrinsic, eye muscles. 

E Activation of (3 0 receptors would cause relaxation, not 
contraction, of ciliary muscle. 

Learning objective: Describe the effects of activation of M 2 and M 3 
receptors. 

19. CThe new drug the woman was taking was most likely ami- 
triptyline, an antidepressant medication with pronounced 
antimuscarinic effects. Palpitations are due to blockade of 
M 0 receptors, whereas dry mouth, blurred vision, and con- 
stipation are due to blockade of M 3 receptors. 

A, B, D, E Blockade of these pairs of receptors would not 
cause the symptoms reported by the patient. 

Learning objective: Describe the effects of activation of nicotinic 
Nm receptors. 

20. ENm receptors are found only in the motor end plate; there- 
fore, the symptoms must refer to skeletal muscles. When 
Nm receptors are activated by acetylcholine, the ion channel 
opens, allowing Na + to enter the cell. The end-plate mem- 
brane becomes depolarized; this depolarization is called 
end-plate potential. If its amplitude reaches the threshold 
for excitation, voltage-gated Na + channels open, generating 




an action potential that propagates the depolarization and 
causes the contraction of the skeletal muscle. The end-plate 
depolarization is short-lasting, as acetylcholine is rapidly 
metabolized. However, when an excessive amount of acetyl- 
choline causes a persistent activation ofNm receptors, a loss 
of electrical excitability of the muscle cells occurs. The main 
reason for this loss is that, even if the membrane is still de- 
polarized because of the activation ofNm receptors, voltage- 
sensitive Na + channels become inactivated and therefore not 
able to open in response to a brief depolarizing stimulus. 
This loss of electrical excitability in the presence of a de- 
polarized membrane is called depolarization blockade. The 
main consequence of this block in skeletal muscle cells is the 
paralysis of the muscle. It should be noted that this paralysis 


is not due to the blockade ofNm receptors but to the per- 
sistent activation of those receptors. When the paralysis in- 
volves the extrinsic muscles of the eye, diplopia results. The 
paralysis of the striated muscles of the pharynx causes diffi- 
culty in swallowing. 

A-D All of these effects are due to the activation of mus- 
carinic receptors. 
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Answers and Explanations: 11-2 Adrenergic Drugs 


Questions 1-5 

1 B 

2. L 

3. I 

4. H 

5. K 

Learning objective: Describe the postreceptor mechanism that 

mediates the therapeutic effect of epinephrine in cardiac arrest. 

6. E Epinephrine effects on the heart are due to the activation of 
pj and p 2 receptors. The postreceptor mechanism common to 
all p receptor activation is the stimulation of adenylyl cyclase, 
which in turn increases the amount of cyclic adenosine mo- 
nophosphate (cAMP) in target tissues. 

A This postreceptor mechanism is triggered by the activa- 
tion of M 0 receptors. 

B This postreceptor mechanism is triggered by the activa- 
tion of nicotinic receptors. 

C This postreceptor mechanism is triggered by the activa- 
tion (Xj and M 3 receptors. 

D This postreceptor mechanism is triggered by the activa- 
tion of oij receptors. 


Learning objective: Describe the actions that mediate the thera- 
peutic effect of epinephrine in allergic reactions. 

7. EThe symptoms and signs of the patient suggest that he had 
an acute anaphylactic reaction, which sometimes occurs fol- 
lowing a blood transfusion. One of the useful actions of epi- 
nephrine in this disorder is the |3 2 receptor-mediated inhibition 
of degranulation of mast cells, which prevents the release of 
histamine and other inflammatory mediators. 

A-D, F All these actions of epinephrine contribute little, if 
any, to the therapeutic efficacy of the drug in anaphylaxis. 

Learning objective: Identify the adrenoceptors that mediate the 
effect of epinephrine to increase the duration of the local anes- 
thetic effect of lidocaine when the two drugs are given con- 
comitantly. 

8. D Epinephrine is often used together with local anesthetics to 
prolong the action of the anesthetic. This increased duration 
is due to the epinephrine-induced vasoconstriction (mediated 
by receptor activation), which localizes the anesthetic at 
the desired site, thus slowing down its systemic distribution. 

A-C, E See correct answer explanation. 




learning objective: Explain the action that mediates the thera- 
peutic effect of epinephrine in cardiac arrest. 

9. A The most appropriate management of cardiac arrest in- 
duced by ventricular fibrillation is a 200-joule defibrillation. 
Additional shocks at higher energy should be given in case of 
initial failure. If ventricular fibrillation persists, the American 
Heart Association indicates that epinephrine should be ad- 
ministered. Most likely the two major mechanisms through 
which epinephrine increases blood flow to the brain and heart 
during CPRare the following: 

• It prevents carotid arterial collapse at the thoracic inlet. 
Collapse results from high extravascular intrathoracic pres- 
sure coupled with low intravascular pressure and loss of 
arteriolar tone. By constricting arterial vessels (an ac- 
tion) and by increasing venous return, epinephrine in- 
creases the aortic diastolic pressure during closed chest 
compression. 

• Preferential reduction of blood flow to the renal and 
splanchnic beds, due to receptor action, facilitates the 
distribution of the limited cardiac output to the cerebral 
and coronary circulation during external cardiac massage. 
Because cerebral blood vessels are relatively insensitive to 
the vasoconstricting effect of a agonists, perfusion of the 
brain is increased. 

It seems, therefore, that the main beneficial effects of epineph- 
rine in cardiac arrest are related to its receptor activation. 

It is worthwhile to note that, unlike what happens under 
normal conditions, epinephrine increases total peripheral 
resistance in people with cardiac arrest. During cardiac ar- 
rest, there is a complete loss of arteriolar tone; therefore, p 0 - 
mediated vasodilation cannot occur, whereas the (Xj-mediated 
vasoconstriction is still operative. 

Additional beneficial effects of epinephrine that are pri- 
marily related to p x receptor activation are changing a fine 
ventricular fibrillation into a coarse one, which is more sus- 
ceptible to electrical defibrillation, and stimulating sponta- 
neous ventricular contraction in case of asystole. 

Because the benefits of epinephrine are mainly due to 
(Xj-mediated vasoconstriction, norepinephrine could also be 
used. In fact a large preclinical trial failed to identify any dif- 
ference in survival following treatment with norepinephrine or 
standard doses of epinephrine. Other vasoconstricting agents 
have been evaluated. Recently, vasopressin has been tested, 
with promising results. 

The fact that epinephrine is still the agent of choice in car- 
diac arrest is likely related to the long experience achieved 
with this drug, as well as to the additional benefits listed above. 
For example, epinephrine activates both pj and p 7 receptors; 
therefore, it is likely more effective than norepinephrine 
in stimulating spontaneous contraction of the heart during 
asystole. 


B The p 2 receptor-mediated vasodilation would be coun- 
terproductive, but it does not occur in cardiac arrest (see 
correct answer explanation). 

C This action of the drug could add a benefit (see correct 
answer explanation), but it is mainly related to p } receptor 
activation (the increase in cardiac contractility due to p 0 re- 
ceptor activation is minor). In any case, the main epineph- 
rine mechanism is most likely the receptor-mediated 
vasoconstriction. 

D, EThe beneficial effects of epinephrine-induced increase 
in renin secretion and of epinephrine-induced bronchodila- 
tion are, at the most, only marginal. 

Learning objective: Describe the direct and indirect mechanisms 
of action of dopamine. 

10. A Dopamine is a mixed-acting adrenergic drug that can 
directly activate a, p, and dopamine receptors. It can also 
increase the release of norepinephrine from adrenergic 
terminals. 

B-E All of these drugs are adrenergic agonists (i.e., direct- 
acting adrenergic agents). 

Learning objective: Describe the cardiovascular effects of norepi- 
nephrine. 

11. D The investigational drug causes a parallel increase in both 
systolic and diastolic pressure and a concomitant decrease 
in heart rate. This pattern suggests that the decrease in heart 
rate is due to a reflex vagal discharge. Drugs that cause this 
effect must be vasoconstricting agents (e.g., norepinephrine 
and phenylephrine) devoid of vasodilating activity. In this case, 
however, stroke volume is substantially increased (stroke 
volume = cardiac output/heart rate, 78.6-100 mL). Phenyl- 
ephrine would increase the stroke volume only slightly (if 
venous constriction causes an increase in venous return) or 
not at all, as it has no p-adrenergic activity. Moreover the 
ejection fraction is increased, which confirms that the drug 
does increase cardiac contractility. (The ejection fraction is 
the ratio of the stroke volume to the end diastolic volume. 
Remember that the only way to increase the ejection frac- 
tion is to increase cardiac contractility). 

A-C Dobutamine, epinephrine, and isoproterenol would 
increase, not decrease, the cardiac output of the heart. 

E See correct answer explanation. 

F Propranolol would decrease, not increase, the ejection 
fraction of the heart. 

Learning objective: Describe the cardiac adverse effects of epi- 
nephrine in patients at risk. 

12. D Epinephrine can cause several cardiovascular adverse ef- 
fects, including angina, hypertension, and cardiac arrhyth- 
mias, and is therefore contraindicated in patients at risk. 



Because the patient had an episode of ventricular fibrilla- 
tion, he was at high risk of ventricular arrhythmias. 

A-C, E These are adverse effects of epinephrine but are 
less likely in this patient because he did not have specific risk 
factors for these effects. 

Learning objective: Relate the therapeutic efficacy of epinephrine 
to its mechanism of action. 

13. C The symptoms and signs of the patient indicate that he 
was most likely suffering from an acute anaphylactic reac- 
tion to the injected local anesthetic. The strong bronchocon- 
striction of an anaphylactic reaction is known to be caused 
by both histamine and leukotrienes, but today leukotrienes 
(once known as the slow-reacting substance of anaphylaxis) 
are thought to be the main bronchoconstricting agents. 
Epinephrine, a first-line agent for anaphylaxis, works as a 
functional antagonist of the mediators of the disorder. It 
counteracts the histamine-mediated vasodilation by activat- 
ing oij receptors and counteracts the leukotriene-mediated 
bronchoconstriction by activating p 0 receptors. Epinephrine 
also inhibits the release of mediators from basophils and 
mast cells by activating p 0 receptors. 

A Histamine effects on the heart are weak and are mainly 
excitatory. Epinephrine would enhance, not antagonize, his- 
tamine effects on the heart. 

B Bradykinin has generalized vasodilating activity. Epi- 
nephrine would enhance, not antagonize, bradykinins effect 
on skeletal muscle vessels by activating p 0 receptors. 

D Alpha- 1 receptors are not located in bronchial smooth 
muscles. 

E Activation of p 0 receptors in bronchial vessels would 
cause vasodilation, which would be detrimental by dimin- 
ishing the ventilation/perfusion ratio. 

F Epinephrine activation of a 2 receptors on platelets pro- 
motes platelet aggregation, but this effect has negligible 
relevance in the therapy of anaphylaxis. 

Learning objective: Describe the effect of phenylephrine given 
topically in the eye. 

14. A Phenylephrine is a selective agonist frequently used 
to facilitate the examination of the retina. The drug causes 
mydriasis by contracting the radial muscle of the iris, which 
receives only sympathetic innervation. Because M 3 , a 2 , and 

receptors are not activated, lens curvature and intraocular 
pressure are not affected. 

B-E Each of these drugs, given locally, would affect the 
intraocular pressure. 

Learning objective: Describe the pharmacological actions of 
albuterol. 

15. E Albuterol is a p 2 -selective agonist. Activation of p 0 recep- 
tors in the respiratory tract increases mucociliary clearance, 


thus improving the flow of the coat of mucus toward the 
pharynx. 

A-C Beta-2 receptor agonists actually decrease microvas- 
cular permeability, increase bronchial secretion, and prevent 
the release of histamine from mast cells. All these actions are 
useful in treating bronchospastic disorders. 

D Residual respiratory volume is not significantly affected 
in normal individuals but is actually decreased in asthmatic 
patients. 

Learning objective: Describe the cardiovascular effects of phenyl- 
ephrine. 

16. EThe drug causes a parallel increase in both systolic and di- 
astolic pressure and a concomitant decrease in heart rate. 
This pattern suggests that the decrease in heart rate is due to 
a reflex vagal discharge. Drugs that cause this effect must be 
vasoconstricting agents (e.g., norepinephrine and phenyl- 
ephrine) devoid of vasodilating activity. In this case, how- 
ever, the stroke volume has increased only slightly (stroke 
volume [SV] = cardiac output/heart rate; therefore, control 
SV= 5/70 = 71.4 mL; SV after drug = 4.5/58 = 77.6 ml), and 
the ejection fraction has not changed. Norepinephrine would 
substantially increase the stroke volume and the ejection 
fraction, as it has p-adrenergic activity (remember that the 
only way to increase the ejection fraction is to increase the 
contractility of the heart). 

A-D See correct answer explanation. 

learning objective: Describe the main adverse effects of phenyl- 
ephrine. 

17. B Phenylephrine is used as a nasal decongestant both topi- 
cally and orally even though its effectiveness is controversial. 
When taken orally, it can reach the general circulation and 
activate a l receptors ofthe internal sphincter ofthe bladder. 
This in turn leads to sphincter constriction, thus causing dif- 
ficulty in voiding, especially in men suffering from prostatic 
hyperplasia, as in this case. 

A, C-F These drug are not used as nasal decongestants. 

Learning objective: Explain the reason for the therapeutic use of 
apraclonidine in glaucoma. 

18. E Apraclonidine is a selective a 0 agonist that can decrease 
the production of aqueous humor by the ciliary epithelium. 
The aqueous humor of the eye is produced by the epithelial 
cells of the ciliary body and is under the control of a 0 and 
p receptors (mainly p 2 ) located on these cells. Activation of 
a 2 receptors decreases the production, whereas activation 
of p receptors increases the production. 

A-D See correct answer explanation. 




learning objective: Explain the mechanism of the therapeutic ef- 
fect ofclonidine in alcohol withdrawal. 

19. A Clonidine is often used to decrease the symptoms of sym- 
pathetic activation, which are prominent during withdrawal 
from many sedative drugs, including alcohol and opioids. 
Many of those symptoms are due to an increased firing from 
the locus ceruleus, a brain nucleus with a very high concen- 
tration of a receptors. By activating a 0 presynaptic receptors, 
clonidine decreases the central sympathetic outflow, antag- 
onizing the increased firing of the locus ceruleus. 

B, D Clonidine activates peripheral adrenoceptors only 
when very high doses are given. 

C Clonidine increases, not decreases, central parasympa- 
thetic outflow. 

E, F Clonidine activates, not blocks, these receptors. 

Learning objective: Describe the adverse effects of albuterol. 

20. B Restlessness and anxiety are common adverse effects of 
adrenoceptor agonists. They occur in 10 to 20%of children 
receiving inhalatory therapy. This points out that (3 agonists 
are mainly excitatory drugs in the central nervous system. 
In fact, toxic doses usually cause convulsions. 

ABeta-2 receptor activation increases atrioventricular (AV) 
conduction, so AV block is unlikely. 

C Beta-2 receptor activation actually causes insomnia. 

D Hypotension can rarely occur with (3 0 agonists, but pos- 
tural hypotension is unlikely, as the baroreceptor reflex is 
not affected. 

E Arrhythmias can occur with (3 0 agonists, but ventricular 
tachycardia is rare. 

Learning objective: Describe the therapy of open-angle glaucoma 
in a patient with a concomitant disease. 

21. B Epinephrine is sometimes used in open-angle glaucoma 
because it decreases aqueous humor production by activating 
a 2 receptors in the ciliary epithelium, and it also increases 
aqueous humor outflow through the uveoscleral route. 

A, C-E All of these drugs are effective in open-angle glau- 
coma but are contraindicated in this case because of severe 
asthma. In fact, even when given topically, (3-blockers and 
cholinergic agonists can increase the risk of bronchospastic 
disorders from systemic absorption via the nasolacrimal 
system. 

Learning objective: Describe the therapeutic uses of norepi- 
nephrine. 

22. C The shock due to the spinal cord injury is vasodilatory 
(also called neurogenic or distributive shock), which occurs 
because the injured sympathetic nervous system fails to main- 
tain the arteriolar tone. Drugs with o^-adrenergic activity 


such as norepinephrine, phenylephrine, and dopamine are 
used to restore the arteriolar tone, thus counteracting the 
decreased blood pressure. 

A, B, D These drugs are devoid of oij-adrenergic activity. 

E Salmeterol is an antiadrenergic drug. 

Learning objective: Describe the cardiovascular effects of iso- 
proterenol. 

23. C The drug causes a substantial increase in heart rate, 
cardiac output, and ejection fraction and a concomitant 
decrease in mean blood pressure. An increase in ejection 
fraction indicates that the contractility of the heart is in- 
creased. The fact that mean blood pressure is decreased de- 
spite the increased cardiac output indicates that the drug 
must decrease total peripheral resistance (TPR). The two 
listed drugs that can decrease TPR are isoproterenol and al- 
buterol. However, because albuterol is a selective (3 0 agonist, 
it would have caused a decrease in TPRand a reflex increase 
in the heart rate, but the ejection fraction would have been 
minimally affected. 

A, B, D, E See correct answer explanation. 

Learning objective: Describe the pharmacological actions of 
isoproterenol. 

24. A Isoproterenol is often used in the operating room after 
heart transplant, because contractility and sinus node func- 
tion of the new heart are temporarily impaired to varying 
degrees, based on the condition of the donor heart, quality 
of preservation, and so on. Isoproterenol is a nonselective 
(3 agonist (i.e., it activates all (3 receptors). Activation of (3j 
receptors in the juxtaglomerular cells of the macula densa 
stimulates renin secretion. 

B Activation of (3 0 receptors in the pancreas actually in- 
creases insulin release. 

C Activation of (3 0 receptors in the vessels causes vasodila- 
tion, which in turn decreases, not increases, total peripheral 
resistance. 

D Isoproterenol causes tachycardia, which is, in a normal 
person, both direct (due to activation of cardiac (3 receptors) 
and reflex (due to drug-induced peripheral vasodilation). In 
this patient, however, the new heart is denervated, so reflex 
tachycardia cannot occur. 

E This effect is mediated by the activation of a 0 receptors. 
Isoproterenol has no activity on a receptors. 

learning objective: Describe the first therapeutic intervention for 
a patient with hypovolemic shock. 

25. D The symptoms and signs of the patient indicate that he 
was most likely suffering from hypovolemic shock due to 
the extensive hemorrhage. The most important therapeu- 
tic intervention in hypovolemic shock is the infusion of 



intravenous fluids. Crystalloids (isotonic solutions that con- 
tain either normal saline or saline equivalents) or colloid 
solutions (which contain large oncotically active molecules, 
e.g., albumin and carbohydrates) can be given. The choice 
between the two remains controversial, but normal isotonic 
saline is extensively used. 

ANorepinephrine is used in neurogenic shock. 

B Epinephrine is the first-line agent in anaphylactic shock. 

CDobutamine is used in cardiogenic shock. 

E Dopamine is used in neurogenic and cardiogenic shock 

F Isoproterenol is contraindicated in any type of shock. 

learning objective: Describe the postreceptor mechanism of 
drugs used to treat cardiogenic shock. 

26. CThe therapy of cardiogenic shock requires a rapid-acting 
inotropic drug to increase myocardial contractility and car- 
diac output. Dobutamine and dopamine are the two drugs 
most frequently used. In both cases, the therapeutic efficacy 
is mediated mainly by the direct (dobutamine) or indirect 
and direct (dopamine) activation of (3 1 receptors, which in 
turn increase the synthesis ofcAMP. 

A, B, D-F See correct answer explanation. 

Learning objective: Describe the cardiovascular effects of dobu- 
tamine. 

27. E Dobutamine is a selective (3 agonist that activates mainly 
p j receptors. This should cause an increase of all the param- 
eters of heart activity, but for unknown reasons, frequency 
and automaticity are increased only slightly. Affinity of dobu- 
tamine for (Xj and (3 0 receptors is slight (high doses are 
needed); moreover, the consequences of this activation on 
the vessel caliber can balance each other. This can explain 
why there are no major changes or a decrease (when the 
p 0 -mediated vasodilation overrides the (Xj-mediated vaso- 
constriction) in total peripheral resistance. 

A-D All of these drugs cause substantial changes in heart 
rate and systemic vascular resistance. 

Learning objective: Describe the therapeutic uses of norepi- 
nephrine. 

28. CThe signs and symptoms of the patient strongly suggest 
the diagnosis of septic shock. Signs consistent with this diag- 
nosis are the high fever, high WBC, hypotension, tachycardia, 
elevated cardiac output, and low systemic vascular resis- 
tance. Septic shock is a vasodilatory shock (vasodilation may 
be partly due to the vasodilatory effects of endotoxins or 
other chemical mediators). In this kind of shock, even if car- 
diac output is increased, it is inadequate to maintain a blood 
pressure that will perfuse the essential organs in the face of 


a decreased systemic peripheral resistance. In fact, the pa- 
tient has metabolic acidosis, indicating anaerobic metabo- 
lism and lactic acidosis. Even if fluid administration is still 
the mainstay therapy in septic shock, recent evidence sug- 
gests that early aggressive vasopressor support may be the 
key to a positive outcome. Dopamine is frequently the initial 
pharmacological agent chosen for the treatment, but when 
the systemic vascular resistance is very low, as in this case, 
norepinephrine was found to be superior to dopamine. 

A, B, D, E All of these drugs tend to decrease the systemic 
vascular resistance and are therefore not indicated in this 
case. 

Learning objective: Explain the mechanism of action of antiasth- 
matic (3 agonists. 

29. C According to the Expert Panel Report of the National In- 
stitutes of Health, all patients with asthma should receive a 
short-acting (3 0 agonist on an “as needed” basis. Therefore, 
the most appropriate drug for this patient’s inhaler would be 
a drug like albuterol. 

B Activation ofM 0 receptors in nonvascular smooth mus- 
cle can cause smooth muscle contraction. Therefore, block- 
ade of M 0 receptors (with an anticholinergic drug, e.g., 
ipratropium) could cause a bronchodilating effect. However, 
anticholinergics are less effective than (3 0 agonists in asthma, 
and the bronchoconstricting action of M 0 receptors is less 
effective than that ofM 3 receptors. 

A, D-F See correct answer explanation. 

Learning objective: Describe the adverse effects of salmeterol. 

30. B Beta-2 agonists administered by inhalation are first-line 
drugs for asthma. Tremor is the most frequent adverse effect 
of p, agonists (in up to 40%of patients). It likely occurs be- 
cause p 0 -receptor activation accelerates the sequestration of 
cytosolic Ca 2+ (by opening Ca 2+ channels in the sarcoplasmic 
reticulum of skeletal muscle) and increases discharge in mus- 
cle spindles. Anxiety is the second most frequent adverse 
effect of these drugs (in up to 20%of patients). Palpitations 
can occur in up to 1 0%of patients and are related to the car- 
diac effects of these drugs (P 0 specificity is never absolute; 
moreover, p 0 -receptor activation also increases heart con- 
tractility and rate). Muscle cramping is likely a consequence 
of hypokalemia (p 0 agonists stimulate Na/K + ATPase, thus 
facilitating K + entry into cells), as K + is needed for vasodila- 
tion in the skeletal muscle. 

A Isoproterenol can cause the pattern of adverse effects 
reported by the patient but is very rarely used today in asth- 
matic patients. 

C-E These drugs are not used to treat asthmatic patients. 



learning objective: Explain the main mechanism of action of 
cocaine. 

31. C Cocaine is an indirect-acting adrenergic drug that blocks 
catecholamine uptake in both the central and peripheral ner- 
vous systems. Therefore, the adrenergic actions of cocaine 
are due to the increased availability of norepinephrine in 
the synaptic cleft. 

A, B, D, E All of these listed mechanisms can increase the 
availability of norepinephrine or epinephrine, but these are 
not mechanisms of action of cocaine. 

Learning objective: Describe the diagnostic uses of cholinergic 
drugs. 

32. A Horner syndrome results when the cervical sympathetic 
pathway running from the hypothalamus to the eye is dis- 
rupted. The lesion causes vasodilation (loss of (Xj receptor- 
mediated vascular tone), ptosis (loss ofa 1 receptor-mediated 
contraction ofthe superior tarsal muscle), miosis (loss ofthe 
oij receptor-mediated dilation of the pupil), and anhidrosis 
(lo ss of sympathetic cholinergic firing to the sweat glands). 
The use of adrenergic drugs can help to determine if the 
lesion is pre- or postganglionic. Hydroxyamphetamine is an 
indirect-acting adrenergic drug that stimulates the release 
of norepinephrine from adrenergic nerve endings. Because 
mydriasis was observed, the postganglionic neuron is intact 
and therefore able to release norepinephrine. Damage to the 
postganglionic neuron would results in less or no norepi- 
nephrine being released, and mydriasis would be incom- 
plete or absent. The conclusion is that the lesion must be on 
the preganglionic neuron. 

B See correct answer explanation. 

C, D A lesion of either pre- or postganglionic parasym- 
pathetic nerves would cause a completely different clinical 
picture (mydriasis, no ptosis, etc.). 

Learning objective: Describe the mechanism of dopamine -induced 
diuresis. 

33. A Activation ofDj receptors in the kidney causes vasodila- 
tion and inhibition of Na + reabsorption by the proximal tu- 
bule. Both actions contribute to the increased diuresis that 
can occur with low doses of dopamine. 

B This effect occurs with high dose of dopamine, which 
activiates D 0 receptions in the area postrema. 

C-E These effects occur with an intermediate dose of 
dopamine, which still activates Dj receptors, but also acti- 
vates (3 1 receptors and release of norepinephrine from nerve 
terminals. 


Learning objective: Describe the pharmacological effects of 

dopamine. 

34. F Dopamine decreases total peripheral resistance (TPR) at 
low doses by selectively activating Dj receptors (mainly in 
mesenteric and renal beds). At higher doses, dopamine can 
also activate a receptors and increase norepinephrine re- 
lease from adrenergic terminals. The a-mediated vasocon- 
striction overrides the vasodilating effects on the kidney, 
and TPRincreases. 

A, E Norepinephrine and phenylephrine have only vaso- 
constricting effects mediated by activation of (Xj receptors. 

B, C Albuterol and isoproterenol have only vasodilating 
effects mediated by the activation of receptors. 

D Dobutamine has negligible effects on TPR. 

Learning objective: Describe the diagnostic uses oftyramine. 

35. A Tyramine is a normal by-product of tyrosine metabolism 
in the body and is also found in high concentration in fer- 
mented food. It is normally inactive when ingested, because 
of a very large first-pass effect (metabolism by hepatic mono- 
amine oxidase [MAO]). If administered parenterally, it has 
an indirect sympathomimetic action due to the release of 
stored catecholamines. This is the basis ofthe tyramine test, 
sometimes used clinically for the diagnosis of some auto- 
nomic nervous system (ANS) diseases. 

In this case, the patient is most likely affected by pure 
autonomic failure, a rare degenerative disorder of the ANS 
presenting in middle to late life. In this disease, there is a 
degeneration of postganglionic sympathetic neurons, which 
can explain the postural hypotension. An intravenous injec- 
tion oftyramine normally causes an elevation of blood pres- 
sure due to the release of stored catecholamines. In this case, 
however, the elevation did not occur because catecholamines 
had been lost from the nerve endings. On the contrary, an 
intravenous injection of epinephrine caused a big elevation 
in blood pressure, as epinephrine directly activates adreno- 
ceptors. Moreover, these receptors were upregulated, due to 
a decreased availability of the neurotransmitter (denerva- 
tion supersensitivity). 

B A lesion of the preganglionic sympathetic nerve would 
have caused orthostatic hypotension, but tyramine would 
have caused hypertension, as the postganglionic adrenergic 
neurons were intact. 

C, D In case of a lesion of either pre- or postganglionic para- 
sympathetic nerves, tyramine would have been effective. 

E Lesions of the sympathetic pathways in the medulla ob- 
longata would have caused symptoms similar to those due 
to lesions of the preganglionic sympathetic nerves. In this 
case, tyramine would have been effective. 



learning objective: Describe the pharmacological action of 
clonidine. 

36. B Hot flashes are symptomatic of a disorder in thermoregu- 
lation due to the complex hormonal changes that accom- 
pany estrogen withdrawal. Several chemical mediators are 
thought to be involved, including norepinephrine, epineph- 
rine, serotonin, and prostaglandins. Clonidine is sometimes 
used to treat hot flashes, even if it is not a first-line agent for 
that disorder. In fact, it is less effective compared to other 
nonhormonal therapies (gabapentin, venlafaxine, and flu- 
oxetine). By activating presynaptic a 0 receptors, clonidine 
causes a decrease ofnorepinephrine release from adrenergic 
terminals. However, how this mechanism decreases hot 
flashes is still unknown. 

A, C-E These drugs do not activate a 2 receptors. 

Learning objective: Identify the drugs used to treat hyper- 
kalemia. 

37. B This patient’s lab data indicate that she is suffering from 
renal failure, which frequently leads to hyperkalemia. Hyper- 
kalemia with ECG changes requires emergency treatment. 
The therapy includes 

• Agents that antagonize the cardiac effects of hyperkale- 
mia (e.g., calcium, which counteracts the depolarizing 
effect of hyperkalemia) 

• Drugs that shift K + from the extracellular to the intracel- 
lular space (e.g., insulin and (3 0 agonists) 

• Drugs that enhance K + elimination (e.g., ion-exchange 
resins that bind K + in the bowel lumen) 

Albuterol is the only drug in the list that has one of these 
effects (fL agonist) without other actions that would be del- 
eterious in this patient. 

A, C, F Phenylephrine, clonidine, and dobutamine do not 
affect K + concentration. 

D, E Isoproterenol and epinephrine can cause hypokale- 
mia, but they are not used therapeutically for this purpose 
because of many other unwanted effects. 

Learning objective: Relate the effects of epinephrine to the activa- 
tion of specific receptors. 

38. E Activation of receptors by epinephrine increases cyclic 
adenosine monophosphate (cAMP), which in turn activates 
the cAMP-dependent protein kinase A. This enzyme activates 
a cascade of enzymes that promote glycogen degradation. 

AThis action is mediated by activation of a 0 receptors. 
B-D These actions are mediated by activation of a l 
receptors. 


Learning objective: Explain the reversal of norepinephrine effect 
on heart rate by atropine. 

39. BThe drug causes a decrease in heart rate that is reversed by 
a pretreatment with atropine. This suggests that the brady- 
cardia is caused by a reflex vagal discharge. Norepinephrine 
is the only listed drug that causes a vagal reflex bradycardia 
strong enough to overcome its own direct tachycardic effect. 
When the reflex vagal discharge is blocked by atropine, the 
direct tachycardic effect ofnorepinephrine becomes evident. 

A, C-F See correct answer explanation. 

Learning objective: Explain the reason for the decrease in heart 
rate caused by an intravenous injection ofnorepinephrine. 

40. CNorepinephrine usually causes a reflex bradycardia in pa- 
tients with intact innervation of the heart for the following 
reason: the increase in blood pressure due to activation ofa l 
receptors activates baroreceptors located in the carotid sinus 
and aortic arch (baroreceptors are stretch receptors). This 
increases the firing rate to the nucleus of the tractus soli- 
tarius in the medulla, which in turn increases its firing to the 
vagal motor neurons (dorsal motor neuron and nucleus am- 
biguus). When this vagal excitation is strong enough, it can 
overcome the norepinephrine-induced tachycardia due to ac- 
tivation of cardiac (3 receptors; therefore, bradycardia ensues. 

A, BThese actions would cause an increase, not a decrease, 
in heart rate. 

D Activation of a 2 autoreceptors causes a decrease of nor- 
epinephrine release, but this is not the main mechanism of 
norepinephrine -induced bradycardia. 

E Decreased firing rate of carotid chemoreceptors occurs 
only in severe pathologic conditions and would cause an in- 
crease, not a decrease, in heart rate. 
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Answers and Explanations: II- 3 Antiadrenergic Drugs 


Questions 1-5 

1. E 

2. A 

3. G 

4. H 

5. B 

learning objective: Explain the mechanism of impaired ejacula- 
tion caused by a 1 antagonists. 

6. E Vasospasm in the fingers, which is the most common sign of 
Raynaud disease, is treated by a vasodilator, usually a calcium 
channel blocker, such as nifedipine, or an a x antagonist, such 
as prazosin. The patient most likely received prazosin because 
he complained of impaired ejaculation. The increased firing 
of the sympathetic nervous system that occurs during sex ac- 
tivates oij receptors located on the vas deferens and prostate 
capsule. The contraction of smooth muscles of these organs 
puts the semen into the urethra, thus causing ejaculation. 
Prazosin blocks oij adrenoceptors, so ejaculation is impaired. 

A-D, F See correct answer explanation. 

Learning objective: Describe the pharmacological effects ofphe- 

noxybenzamine. 

7. A Phenoxybenzamine is a nonselective a-adrenergic blocker. 
The blockade of adrenoceptors causes peripheral vasodila- 
tion, which in turn decreases the blood pressure. Areduction 
in blood pressure decreases the firing rate of carotid barore- 
ceptors. Because the baroreceptor discharge increases the vagal 
outflow to the heart, a decreased firing rate will have the op- 
posite effect; that is, it will increase the sympathetic outflow, 
causing tachycardia and increased cardiac contractility. 

B-E See correct answer explanation. 

Learning objective: Identify the action mediating the therapeutic 

effect of phenoxybenzamine. 

8. APhenoxybenzamine is a nonselective a antagonist frequently 
used in pheochromocytoma both in the preoperative manage- 
ment of the disease and to handle inoperable or metastatic 
cases. By blocking a 1 receptors, the drug decreases peripheral 
vascular resistance, thus counteracting the hypertension that 
is a prominent symptom of the tumor. 

B, D These are actions of phenoxybenzamine, but they me- 
diate unwanted effects, not the therapeutic effect of the drug. 

CBy blocking a 0 presynaptic receptors, phenoxybenzamine 
actually increases, not decreases, epinephrine release from 
the adrenal medulla. 

E Alpha-2 agonists reduce firing from the vasomotor center, 
so an a 0 antagonist such as phenoxybenzamine would in- 
crease, not decrease, firing from the vasomotor center. 


Learning objective: Describe the main adverse effects of tam- 
sulosin. 

9. B Tamsulosin is a selective antagonist frequently used to 
counteract bladder obstruction due to prostatic hyperpla- 
sia. Fatigue, sleepiness, and dizziness are common adverse 
effects most likely related to the drug-induced hypotension. 
Palpitations are infrequently reported and are most likely 
related to the reflex tachycardia triggered by the drug- 
induced vasodilation. 

D Flutamide is an androgen receptor blocker that is used 
in patients with prostatic hyperplasia. However, it does not 
cause the symptoms reported by the patient. 

A, C, E, F These drugs are not used for prostatic hyper- 
plasia. 

Learning objective: Describe the therapeutic uses of prazosin. 

10. CThe patient’s signs and symptoms suggest the diagnosis of 
Raynaud disease. In this disease, which is idiopathic and is 
most common in young women, the threshold for vasospastic 
response is lowered by local cold or anything that activates 
the sympathetic outflow or the release of catecholamines. By 
blocking a 2 receptors, prazosin is often helpful in reducing 
vasospastic episodes. 

A, B, D, E There is no rationale for the use of any of these 
drugs in Raynaud disease. 

Learning objective: Identify the site of action of apraclonidine and 
timolol in open-angle glaucoma. 

11. D Open-angle glaucoma is characterized in most cases by 
increased intraocular pressure, which in turn is due to an 
excessive amount of aqueous humor in the anterior chamber 
of the eye. Pharmacological therapy for this disease aims to 
decrease this volume, either by lowering aqueous humor 
production or by increasing aqueous humor outflow. In the 
eye, aqueous humor is manufactured by the cells of ciliary 
epithelium and is under the control of both (3 adrenocep- 
tors (which increase the production) and a 2 adrenoceptors 
(which decrease the production). Production of aqueous 
humor can be reduced either by drugs that block (3 receptors 
(e.g., timolol) or by drugs that activate a 0 receptors (e.g., 
apraclonidine).The site of action of both drugs is the ciliary 
epithelium. 

A-C, E, F See correct answer explanation. 



learning objective: Explain the mechanism of action of (3-blocker 

in hypertrophic cardiomyopathy. 

12. B In hypertrophic cardiomyopathy, the stiff, noncompliant 
ventricle resists diastolic filling. This can cause insufficient 
end-diastolic volume and therefore diastolic failure. Beta- 
blockers slow the heart rate, which allows an increased du- 
ration of diastole and thus more complete diastolic filling. 
They also decrease myocardial contractility, which increases 
ventricle compliance. 

A, C, D All of these effects can be caused by propranolol, 
but they do not mediate the efficacy of the drug in hyper- 
trophic cardiomyopathy. 

E Propranolol causes coronary vasoconstriction, not vaso- 
dilation. The effect is due primarily to the decrease in car- 
diac contractility and, to a lesser extent, to the blockade of 
(3 0 receptor-mediated vasodilation. 

Learning objective: Describe the cardiovascular actions of 

(3-blockers. 

13. A The actions of a (3-blocker on the cardiovascular system 
are much more pronounced when sympathetic tone is high. 
Therefore, under resting conditions, the drug-induced de- 
crease of heart rate is minimal, whereas it is pronounced 
during exercise, when the sympathetic tone is high. 

B A cholinergic agonist would cause a more pronounced 
decrease of the heart rate under resting conditions, because 
it further increases the parasympathetic activity that is al- 
ready predominant under resting conditions. 

C-E All of these drugs tend to increase the heart rate under 
resting conditions. 

foaming objective: Describe the cardiovascular effects of atenolol. 

14. C Atenolol is a selective (3 adrenoceptor blocker. By blocking 
(3j receptors, atenolol decreases cardiac contractility. The 
best index of cardiac contractility is the ejection fraction, 
which is the fraction of the end-diastolic volume that is 
ejected during systole (remember that stroke volume is not 
the best index of cardiac contractility, as it also depends on 
preload). 

A, D Because contractility is decreased, these volumes are 
actually increased, not decreased. 

B Beta-blockers actually increase ventricular ejection time. 

E Venous tone (which is mainly dependent on (Xj-receptor 
activation) is minimally affected by (3-blockers. 


foaming objective: Describe the ocular effects of timolol. 

15. B Beta-blockers decrease aqueous humor production by 
blocking (3 receptors in the ciliary epithelium. The conse- 
quent reduction in intraocular pressure usually can be de- 
tected within 30 minutes after a single dose. Beta-blockers 
have negligible effects on pupillary diameter (which is under 
the control ofM 3 receptors on the sphincter muscle of the 
iris and of receptors on the radial muscle of the iris) and 
on lens curvature (which is mainly under the control of 
M 3 receptors on the ciliary muscle). 

A, C-E See correct answer explanation. 

foaming objective: Describe the interactions between propranolol 
and isoproterenol. 

16. A Isoproterenol-induced hyperglycemia is mainly due to 
(3 0 receptor-mediated gluconeogenesis and glycogenolysis. 
Because of this, it can be effectively counteracted by pro- 
pranolol, which blocks (3 0 receptors. None of the other listed 
actions can be antagonized by propranolol, because they are 
not mediated by activation of (3 receptors. 

B Nicotine-induced activation ofNn receptors in ganglia 
increases the firing of postganglionic sympathetic nerves, 
which in turn causes skin vasoconstriction by activating a { 
receptors. 

C Norepinephrine-induced reflex bradycardia is mediated 
by the activation of M 0 cardiac receptors. Moreover, pro- 
pranolol itself can cause bradycardia. 

D Phenylephrine-induced mydriasis is mediated by the 
activation ofoij receptors. 

E Pilocarpine-induced contraction of bronchial muscula- 
ture is mediated by the activation ofM 3 receptors. Moreover, 
propranolol itself can cause bronchoconstriction. 

Learning objective: Describe the pharmacological effects of 
atenolol. 

17. C The new drug completely antagonizes the epinephrine- 
induced increase in renin (which is mediated by (3j receptor 
activation) but does not antagonize the epinephrine-induced 
hyperglycemia (which is due to several actions, including (3 0 
adrenoceptor-mediated glycogenolysis). Therefore, the drug 
must be a selective (3 blocker, such as atenolol. 

A, D, F Albuterol, atropine, and prazosin cannot antagonize 
either of the epinephrine-induced effects. 

B, E Timolol and propranolol are nonselective (3-blockers, 
so they would antagonize both effects of epinephrine. 



learning objective: Describe the adverse effects of propranolol on 
the central nervous system. 

18. D Propranolol is a first-line agent for migraine prophylaxis, 
and a large number of studies support its effectiveness. Ad- 
verse effects of propranolol include insomnia, vivid dreams, 
and nightmares (in up to 5% of patients). The mechanism 
underlying these central effects is still uncertain, but pro- 
pranolol is a highly lipophilic drug and concentrates in the 
brain. 

ABeta-blockers do not cause postural hypotension, as the 
preload and the baroreceptor reflex are not affected by these 
drugs. 

B Beta-blockers decrease the heart rate and have anti- 
arrhythmic properties, so palpitations are unlikely. Beta- 
blockers block (3 adrenoceptor-mediated vasodilation, so 
flushing is also unlikely. 

C Beta-blockers have no significant effect on eye accom- 
modation and do not cause mydriasis, so impairment of far 
vision and photophobia are unlikely. 

E Beta-blockers commonly cause diarrhea, which is likely 
related to the blockade of (3 0 receptors in the gut and do not 
cause gastroesophageal reflux. Even if constipation can occur 
with some p-blockers, it is uncommon and never severe. 

Learning objective: Describe the main adverse effects of p-b locker/ 
diuretic combination. 

19. B Beta-blockers can cause dose-related sexual dysfunction, 
which is more frequent when diuretics are given concomi- 
tantly, as in this case. The dysfunction includes erectile prob- 
lems, decreased libido, and anorgasmia. The mechanism 
underlying these effects is still uncertain but probably re- 
lated to the hypotensive effect and to central effects. 

A, C-E All of these disorders are generally relieved, not 
caused, by p-blockers. 

learning objective: Explain why p-blockers are relatively contrain- 
dicated in a diabetic patient. 

20. B Historically, the presence of diabetes was a contraindica- 
tion for p-blockade, due to the adverse effects on insulin re- 
lease and blunting of hypoglycemia-associated tachycardia. 
However, diabetics comprise a large portion of infarct pa- 
tients, and many studies have found that patients treated 
with p-blockers following myocardial infarction experience 
a 30 to 35%reduction in mortality. Therefore, p-blockers can 
be given to diabetic patients, but they must carefully control 
their sugar levels. In fact, hypoglycemia-associated tachycar- 
dia can be blunted by p-blockers, depriving the patient of an 
important diagnostic sign. 


ABeta-2 blockers occasionally can increase sugar levels by 
blocking p 0 -mediated increase in insulin secretion, but this 
effect is mild and is not shared by selective (3—blockers, such 
as atenolol. 

C Beta-2 blockers can decrease, not increase, insulin 
secretion. 

D, E Beta-blockers have these effects, but this is not the 
reason why diabetic patients receiving p-blockers must 
carefully control their sugar levels. 

learning objective: Explain the rationale of prescribing selective 

P-blockers in asthmatics. 

21. B Beta-blockers are usually contraindicated in asthmatics 
because of their bronchoconstricting activity due to block- 
ade of bronchial p 0 receptors. However, they are first-line 
therapy after a myocardial infarction, as they substantially 
decrease morbidity and mortality. In deciding whether to 
attempt to use p-blockers in asthmatic patients with previ- 
ous MI, weighing the risk versus benefit is imperative. In this 
case, asthma was mild and intermittent, so one could make 
a case for cautiously administering a p-blocker. A selective 
antagonist such as atenolol was a rational choice, as blockade 
of p 0 receptors is negligible at therapeutic doses. However, 
caution must be used, because at higher doses selectivity 
may be lost. 

ABy decreasing renin secretion, p-blockers can counteract 
pulmonary vasoconstriction, but this is not the reason for 
the choice of selective agents in asthmatics. 

C, D Atenolol does not have these effects. 

E Atenolol has a half-life of about 6 hours, but this is 
not the reason for the choice of the drug in an asthmatic 
patient. 

learning objective: Explain the mechanism of action of a—blockers 

in the treatment of impaired bladder emptying. 

22. B The patient most likely received a selective oij antagonist. 
These drugs (prazosin, tamsulosin, etc.) are first-line agents 
for the treatment of impaired bladder emptying in prostatic 
hyperplasia. By blocking (Xj receptors, they relax the prostate 
capsule and the internal sphincter of the bladder, which have 
plentiful oij receptors, allowing a better urine flow. 

ABy blocking vascular a l receptors, a : antagonists would 
increase, not decrease, blood flow. 

C The detrusor muscle is mainly under the control of the 
parasympathetic system. 

D Alpha-1 antagonists decrease blood pressure, but this 
is not the reason for their therapeutic effect in prostatic 
hyperplasia. 

E Alpha- 1 antagonists have negligible effects on diuresis. 




learning objective: Describe the therapeutic uses of propranolol. 

23. EThe patient was most likely suffering from benign essential 
tremor, a disorder that is often inherited (autosomal domi- 
nant in 50%of cases), as in this case. Propranolol (and other 
nonselective (3-blockers) is effective in treating the disorder. 
The mechanism of this therapeutic effect is still uncertain, 
but it seems related to blockade of the (3 0 receptor-mediated 
increase in sequestration of cytosolic Ca 2+ and enhanced dis- 
charge of muscle spindles. 

A-D None of these drugs are of value for the treatment of 
essential tremor. 

learning objective: Describe the therapeutic uses of a- and 

(3-blockers in amphetamine poisoning. 

24. A The patient’s history and symptoms point out that he 
was most likely suffering from amphetamine poisoning. Most 
symptoms, including hypertension, can be managed with 
generous titration of benzodiazepines. If sedation fails to re- 
duce blood pressure, a cardiovascular treatment is needed, 
as in this case. Amphetamines stimulate norepinephrine re- 
lease from adrenergic terminals, increasing norepinephrine 
availability in the synaptic cleft. Therefore, both a- and (3 
blockers can be used to effectively counteract norepineph- 
rine-induced activation of a and (3 receptors. Parenteral 
a-blockers, such as phentolamine (or vasodilators, e.g., ni- 
troprusside and nitroglycerin), must be given first. When 
the blood pressure is back to normal limits, a (3-blocker is 
usually administered to control tachyarrhythmias that are 
frequent when circulating levels of catecholamines are high. 

BThis drug combination could antagonize norepinephrine 
effects, but phenoxybenzamine is an irreversible antagonist 
with a very long duration of action and is not available for 
parenteral use. It is therefore not suitable for an emergency 
treatment. 

C-E These drugs cannot antagonize norepinephrine 
effects. 

learning objective: Describe the therapeutic uses of (3 -blockers 

in esophageal varices. 

25. B The creation of arteriovenous anastomoses, which occurs 
in cirrhosis, allows the perfusion pressure of the hepatic ar- 
tery to be partly transmitted into the portal vein. Therefore, 
arteriovenous anastomoses are a primary cause of portal 
hypertension in cirrhosis. Because the esophageal veins are 
tributaries ofthe portal vein, portal hypertension causes the 
esophageal veins to dilate and become varicose. By blocking 
(3 0 receptors (particularly abundant in the liver vascular bed), 
liver arterial vessels are constricted, and the pressure trans- 
mitted into the portal vein decreases. 


A Activation of (3 0 receptors by albuterol would worsen the 
varices by increasing the portal pressure. 

C-E Methyldopa, clonidine, and prazosin can reduce the 
systemic blood pressure, but they have unpredictable effects 
on the perfusion pressure of liver arterial vessels. 

learning objective: Describe the therapeutic use of propranolol 

in hyperthyroidism. 

26. B The symptoms and signs of this patient indicate that the 
woman was most likely suffering from hyperthyroidism. In 
addition to the specific therapy (antithyroid drugs and ra- 
dioiodine), the treatment of this disease almost always in- 
cludes the administration of (3-blockers that rapidly decrease 
the nervousness, palpitations, heat intolerance, tremors, and 
hypertension, most likely because many of these signs and 
symptoms are due to sympathetic overactivity. Propranolol 
is the drug of choice. 

A, C-E All of these drugs are contraindicated in hyper- 
thyroidism, as they can further decrease the diastolic blood 
pressure, which is abnormally low in this disease. 

Learning objective: Describe the therapeutic uses of (3-blockers. 

27. B Beta-blockers are effective in treating nongeneralized so- 
cial phobias involving performance-related situations, al- 
though they are not approved by the U.S. Food and Drug 
Administration for this purpose. They are often used by mu- 
sicians and have been called “the musicians’ underground 
drug.” The antianxiety effect of (3-blockers in situational 
anxiety seems to be related to their blocking of norepineph- 
rine effects, thus reducing physical symptoms of anxiety 
(palpitation, tremor, and blushing). In fact, even (3-blockers 
that do not cross the blood-brain barrier are effective in per- 
formance anxiety. 

A Benzodiazepines such as diazepam are effective anti- 
anxiety agents but are not indicated in this situation, as they 
can have depressive effects on the central nervous system 
that could negatively affect the performance. 

C, D Selective serotonin reuptake inhibitors (e.g., fluoxe- 
tine) and serotonin-norepinephrine reuptake inhibitors (e.g., 
venlaflaxine) are currently first-line agents for anxiety dis- 
orders, but they are not indicated in this situation, as effects 
occur gradually over several days. 

E Buspirone is an effective anxiolytic agent, but its initial 
effects are observed after 7 to 10 days of therapy. 




Learning objective: Describe the main adverse effects of prazosin. 

28. E Postural hypotension is a common adverse effect of 
antagonists such as prazosin, especially during the first days 
of therapy. The effect is due to an impairment of barorecep- 
tor reflex, as the blockade hinders the vasoconstriction 
that normally occurs when the body assumes a standing 
position. 

A Blockade ofoij receptors in the radial muscle of the iris 
would cause miosis, not mydriasis. 

B Micturition is facilitated, not impaired, when an 0 ^- 
blocker is administered to a man with prostatic hyperplasia. 

CThe blockade of a 1 receptors in skin vessels would cause 
red and hot, not pale and cold, skin. 

D Bronchoconstriction is caused by blockade of (3 2 , not a p 
receptors. 

learning objective: Explain the molecular mechanism of act ion of 

timolol. 

29. D Timolol is a nonselective (3-receptor blocker. Activation of 
all (3 receptors increases the synthesis of cyclic adenosine 
monophosphate (cAMP) through increased activity of the 
adenylate cyclase enzyme. By blocking these receptors, all 
(3-blockers do the opposite (i.e., the activity of adenylate 
cyclase is decreased). 

A-C, E, F See correct answer explanation. 


learning objective: Explain the mechanism of action of 
metyrosine. 

30. C Metyrosine inhibits the enzyme tyrosine hydroxylase, 
which catalyzes the hydroxylation of tyrosine to dopa. This 
is the rate-limiting step in catecholamine biosynthesis, and 
the inhibition of the enzyme can cause up to a 70%decrease 
of catecholamine content in adrenergic terminals. The only 
therapeutic use of this drug is for the short-term manage- 
ment ofpatients with pheochromocytoma who are awaiting 
surgery or for long-term management of malignant pheo- 
chromocytoma when surgery is contraindicated. 

A, B, D, E See correct answer explanation. 
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Answers and Explanations: D-4 Cholinergic Drugs 


Questions 1-5 

1. E 

2. K 

3. H 

4. J 

5. G 

learning objective: Describe the mechanism of action of 

physostigmine. 

6. E To increase cholinergic transmission in the central nervous 
system, the drug must activate (directly or indirectly) central 
acetylcholine receptors. Physostigmine is an anticholines- 
terase drug that is able to cross the blood-brain barrier. The 
increased acetylcholine availability in the central nervous 
system accounts for the increased cholinergic transmission. 

A-D These drugs do not affect cholinergic transmission in 
the central nervous system because they very poorly cross the 
blood-brain barrier. 


Learning objective: Identify the sites of action of carbachol given 
locally in the conjunctival sac. 

7. B Carbachol is used in ocular surgery to decrease the intraoc- 
ular pressure by increasing the outflow of the aqueous humor. 
The drug can activate both muscarinic and nicotinic neuronal 
receptors located on the body of autonomic ganglia. However, 
when the drug is given locally, it can reach the ciliary muscle 
but cannot reach the ciliary ganglion that is located on the 
posterior orbit. Therefore, the primary site of action of the 
drug given locally in the conjunctival sac is the ciliary muscle. 
Activation of muscarinic M 3 receptors leads to the contraction 
of the ciliary muscle, which in turn causes the opening of tra- 
becular meshwork, thus increasing the outflow of the aque- 
ous humor. 

C, D The lens and the radial muscle of the iris are devoid of 
Nn and M 3 receptors. 

A, E See correct answer explanation. 




learning objective: Identify the drugs used in an acute glaucoma 
attack. 

8. A An acute glaucoma attack is usually the first symptom of 
acute angle-closure glaucoma, a disease associated with a 
closed anterior chamber angle. When this occurs, intraocu- 
lar pressure rises, because the obstruction of the peripheral 
iris prevents the normal drainage of aqueous humor from 
the eye. An acute glaucoma attack is a medical emergency 
because vision can be lost quickly. Aqueous humor produc- 
tion must be decreased. Therefore, a topical (3-blocker (e.g., 
timolol) and an a 0 agonist (e.g., apraclonidine) are imme- 
diately administered. Then pilocarpine is given to increase 
aqueous humor outflow (cholinergic drugs alone are gener- 
ally ineffective when the intraocular pressure is more than 
40 mm Hg). 

B-D Homatropine and scopolamine are contraindicated 
in angle-closure glaucoma because they induce mydriasis, 
which increases the risk of closing the anterior chamber. 

EPrazosin is ineffective in glaucoma. Mannitol is not given 
topically, but intravenously, and is used to lower the intra- 
ocular pressure only if the response to the first treatment is 
inadequate. 

Learning objective: Identify the receptors mediating the neostig- 
mine-induced increase in bowel movements. 

9. B Neostigmine is a reversible cholinesterase inhibitor some- 
times used to increase smooth muscle activity in adynamic 
ileus or atony of the urinary bladder. The drug increases the 
availability of acetylcholine at cholinergic terminals, which 
in turn activates both the nicotinic neuronal receptors on 
parasympathetic ganglia and the muscarinic M 3 receptors 
on smooth muscle. 

A, C-F See correct answer explanation. 

learning objective: Explain the mechanism of action ofdonepezil 
in Alzheimer disease. 

10. D The patient’s symptoms and the results of the Mini-Mental 
Status Exam indicate that he was most likely in the early 
stages of Alzheimer disease (AD). To date, no drugs are avail- 
able that can halt or reverse the progression of the disease, 
but drugs are approved for the treatment of memory deficit 
associated with AD. Acetylcholine is significantly reduced in 
AD, and drugs that can increase its levels in the brain have 
shown moderate success in slowing the progression of the 
disease. Donepezil selectively inhibits cholinesterase in the 
central nervous system with less effect on cholinesterase in 
peripheral tissues. 

A-C, E, F See correct answer explanation. 


foaming objective: Explain the molecular mechanism of neostig- 
mine-induced bradycardia. 

11. ABy inhibiting cholinesterase, neostigmine increases acetyl- 
choline availability in the synaptic cleft of cholinergic fibers. 
This can increase the activity of both sympathetic and para- 
sympathetic ganglia supplying the heart and can activate 
muscarinic M 0 receptors, which are the most abundant 
acetylcholine receptors in the sinoatrial (SA), atrium, and 
atrioventricular (AV) nodes. This activation in turn opens 
acetylcholine-sensitive K + channels, increasing the hyper- 
polarization of SAand AV cardiac fibers. The final result is a 
negative chronotropic and dromotropic effect. 

B-E See correct answer explanation. 

Learning objective: Describe the pharmacological effects of pilo- 
carpine on the eye. 

12. B Pilocarpine is a muscarinic agonist. The drug-induced ac- 
tivation ofM 3 receptors causes contraction of the sphincter 
muscle of the iris (decreasing pupillary diameter) and con- 
traction of the ciliary muscle (increasing lens curvature). 
Ocular pressure is decreased because the contraction of the 
ciliary muscle opens the pores of the trabecular meshwork, 
facilitating the outflow of aqueous humor into the Schlemm 
canal. 

A, C-E See correct answer explanation. 

Learning objective: Describe the pharmacological action of 
bethanechol. 

13. COverflow incontinence occurs when the weight of urine in 
a distended bladder overcomes outlet resistance. It results 
from an anatomical outlet obstruction or an atonic bladder, 
as in this case. Bethanechol is a cholinergic agonist that pri- 
marily activates muscarinic M 3 receptors. This activation 
causes a contraction of the detrusor muscle of the bladder; 
therefore, the amount of bladder space that can be filled 
(i.e., the distensibility of the bladder, or its compliance) is 
decreased 

A, B, E Activation ofM 3 receptors causes effects opposite 
to those described 

D Diuresis refers to the production of urine by the kidney. 
Bethanechol does not affect diuresis. 




Learning objective: Describe the pharmacological actions of 

nicotine. 

14. C The history of the patient, together with her symptoms 
and signs, is consistent with the diagnosis of nicotine poi- 
soning, likely due to lozenge tablets used by her husband to 
quit smoking. Nicotine causes a rapid activation of both the 
sympathetic and parasympathetic nervous systems, as well 
as stimulation of different areas of the brain. Signs in this 
patient due to parasympathetic activation are vomiting, uri- 
nary incontinence, and profuse salivation. Signs of sympa- 
thetic activation are cold sweat (sweat glands are stimulated 
and skin vessels constricted) and rapid and irregular pulse 
(activation of nicotinic neuronal [Nn] receptors releases epi- 
nephrine from adrenal medulla). Central stimulation ac- 
counts for the mental confusion and the tonic-clonic seizure. 

AClonidine does not cause most of the symptoms exhib- 
ited by the patient. 

B Scopolamine is used for the prevention of motion sick- 
ness. The drug is a muscarinic antagonist; therefore, the 
symptoms of overdose would be the opposite of those ex- 
hibited by the patient. 

D Bethanechol is a muscarinic agonist. Symptoms of over- 
dose would be limited to parasympathetic activation. 

E Neostigmine is a cholinesterase inhibitor. Many symp- 
toms of poisoning by cholinesterase inhibitors are similar to 
those of nicotine overdose (both drugs can activate, directly 
or indirectly, nicotinic receptors). However, in the case of 
neostigmine poisoning, central effects would be minimal, 
as the amount of drug crossing the blood-brain barrier is 
negligible. 

Learning objective: Describe the ocular actions of echothiophate. 

15. FWhen control of glaucoma is not achieved with standard 
pharmacotherapy, anticholinesterase agents may be pre- 
scribed as a last topical therapy option. Echothiophate is 
an irreversible cholinesterase inhibitor. When given locally 
in the subconjunctival sac, it increases the availability of ace- 
tylcholine at cholinergic synapses. By activating muscarinic 
M 3 receptors, acetylcholine contracts the ciliary muscle, 
which in turn opens the trabecular meshwork and Schlemm 
canal, increasing the outflow of aqueous humor. In this way, 
the intraocular pressure is decreased. Being an irreversible 
inhibitor, the drug has a long duration of action that affords 
good control of glaucoma. 

A, C-E Acetylcholine does not cause these effects. 

B By activating M 3 receptors, acetylcholine can contract 
the sphincter of the iris, but this action has negligible effects 
on the intraocular pressure. 


Learning objective: Describe the poisoning by organophosphate 
insecticides. 

16. D The history and the patient’s symptoms and signs indicate 
that he was most likely suffering from organophosphate 
poisoning. Serious poisoning from organophosphate pesti- 
cides is rare today because of enforced occupational health 
and safety standards, but mild poisoning is still surprisingly 
common. 

A, C, E Poisoning by these drugs does not cause the symp- 
toms and signs shown by the patient. 

B Symptoms of poisoning from carbamates, which are re- 
versible cholinesterase inhibitors, are usually indistinguish- 
able from those caused by organophosphates. However, in 
case of poisoning from reversible cholinesterase inhibitors, 
pralidoxime is useless (and can also be dangerous). The fact 
that the attending physician administered pralidoxime indi- 
cates that he or she was sure, from the patient’s information, 
that an organophosphate was the culprit drug. 

Learning objective: Describe the signs and symptoms of muscar- 
ine poisoning. 

17. A The patient’s signs and symptoms are consistent with 
the diagnosis of muscarine poisoning. High concentrations 
of muscarine are present in various species of Inocybe and 
Gitocybe mushrooms. The symptoms of muscarine intoxi- 
cation start within 1 hour after the ingestion and are all at- 
tributable to activation of muscarinic receptors. 

B Nicotine poisoning results from the activation, and later 
the blockade, of nicotinic neuronal (Nn) and nicotinic mus- 
cular (Nm) receptors. Activation of Nn receptors in ganglia 
and adrenal medulla causes increased sympathetic firing 
and increased release of norepinephrine. Early signs include 
cold sweat, rapid and irregular pulse, and hypertension, fol- 
lowed by hypotension and collapse. Moreover, the activation 
ofNm receptors at the motor end plate would cause muscle 
paralysis due to depolarization blockade, which is absent in 
this patient. 

C Poisoning by organophosphates causes symptoms due 
to activation of muscarinic receptors; in addition, there are 
symptoms due to activation of nicotinic receptors (i.e., skele- 
tal muscle paralysis due to depolarization blockade). 

D Some mushroom species contain atropine. The symp- 
toms of atropine poisoning are due to blockade of musca- 
rinic receptors and are the opposite ofthose exhibited by the 
patient. 

E Carbamate insecticides are reversible cholinesterase 
inhibitors. Symptoms of poisoning by these agents are the 
same as the symptoms of poisoning by organophosphates. 



learning objective: Describe the ocular adverse effects of pilo- 
carpine. 

18. A Pilocarpine is a cholinergic agonist that activates only 
muscarinic M p M 2 , and M 3 receptors (activation of nicotinic 
receptors is negligible). Activation of M 3 receptors in the 
ciliary muscle causes cyclospasm, which in turn increases 
the lens curvature. The eye is accommodated for near vision, 
and far vision becomes difficult. Activation of M 3 receptors 
in the sphincter muscle of the iris causes miosis, which im- 
pairs vision in poor light. 

B, C Timolol and apraclonidine decrease the production 
of aqueous humor but have a negligible effect on accommo- 
dation. 

D, E Epinephrine and phenylephrine activate receptors 
in the radial muscle of the iris. This would cause mydriasis, 
which would favor, not impair, vision in poor light. 

FNeostigmine is a cholinesterase inhibitor that could have 
caused effects similar to those of pilocarpine. However, it 
has been approved only for the treatment of myasthenia 
gravis and some gastrointestinal and urologic problems. It is 
not used to treat glaucoma. 

learning objective: Describe the main adverse effects of neo- 
stigmine. 

19. D Neostigmine is a cholinesterase inhibitor and therefore 
increases the availability of acetylcholine at all cholinergic 
synapses, eliciting muscarinic effects, mainly in the gastro- 
intestinal tract. 

A-C, E By increasing acetylcholine availability, neostig- 
mine causes effects opposite to those listed. 

Learning objective: Describe the therapeutic uses of neo- 
stigmine. 

20. C Reversible cholinesterase inhibitors such as neostigmine 
can reverse the paralysis induced by nondepolarizing neuro- 
muscular blocking drugs such as tubocurarine. Tubocurarine 
blocks nicotinic muscular (Nm) receptors at the motor end 
plate, whereas acetylcholine activates these receptors. The 
two drugs competitively antagonize each other, and the in- 
creased availability of acetylcholine brought about by cho- 
linesterase inhibitors can therefore reverse the muscle 
paralysis induced by tubocurarine. This antagonism is ex- 
ploited clinically, and reversible cholinesterase inhibitors 
are often used to speed recovery from the neuromuscular 
blockade remaining after completion of surgery. Neostig- 
mine is the preferred drug, as it does not enter the brain and 
is therefore free of central adverse effects. 

A Physostigmine is not indicated because it can cross the 
blood-brain barrier. 


BEdrophonium is not indicated because it has a very short 
duration of action (its half-life is 1 to 10 minutes). 

D, E Bethanechol and pralidoxime do not act at Nm 
receptors. 

learning objective: Describe the therapeutic uses of bethanechol. 

21. D The fact that bethanechol was able to improve the pa- 
tient’s symptoms points out that he suffered from overflow 
incontinence due to an acontractile bladder. Neurogenic 
atony of the bladder is common in diabetic neuropathy and 
was most likely the cause of the patient’s disorder. By acti- 
vating muscarinic M 3 receptors, bethanechol causes increased 
detrusor muscle contractility, which can facilitate voiding of 
the bladder. 

A Prostatic hyperplasia can cause overflow incontinence 
due to urethral stricture, but bethanechol is contraindicated 
in any case of overflow incontinence due to urethral obstruc- 
tion, as the increased detrusor contractility cannot overcome 
the obstruction, thus causing painful bladder spasms. 

B Diuresis refers to the production of urine by the kidney. 
A drug acting on the bladder has nothing to do with urine 
production. 

C, E Bethanechol is contraindicated, not indicated, in these 
conditions, as the activity of the detrusor muscle is already 
increased. 

Learning objective: Describe the use of edrophonium to diagnose 

a cholinergic crisis. 

22. B Myasthenic patients under treatment with cholinesterase 
inhibitors may exhibit decreased muscle strength because of 
an excessive concentration of acetylcholine that causes de- 
polarization blockade of the motor end plate. This is referred 
to as a cholinergic crisis. These patients may also exhibit de- 
creased muscle strength because of a sudden exacerbation 
of the disease. This is called a myasthenic crisis. Edropho- 
nium can be used to distinguish between the two syn- 
dromes. In fact, in cases of cholinergic crisis, edrophonium 
administration will produce no relief or worsen the syn- 
drome. (a decrease in muscle strength), whereas in cases of 
myasthenic crisis, the drug will improve the syndrome (an 
increase in muscle strength). Moreover, an edrophonium- 
induced decrease of muscle strength is accompanied by 
fasciculations (brief muscle contractions before the paraly- 
sis), as acetylcholine briefly activates nicotinic receptors, 
whereas an increase in muscle strength is not accompanied 
by fasciculations. 

A, C-E See correct answer explanation. 




learning objective: Describe the therapeutic uses of pilocarpine 
in glaucoma. 

23. D The patient was most likely suffering from open-angle 
glaucoma. Pilocarpine historically was the initial treatment 
of choice, but today it is used only as an alternative therapy 
when other drugs are contraindicated, as in this case (see 
answer explanations below). 

ABeta-blockers are first-line therapy for glaucoma but are 
contraindicated in this case because of the AV block. In fact, 
systemic effects can occur even after a topical administra- 
tion, especially in the elderly, secondary to inadvertent over- 
dose due to poor administration technique. In patients with 
complete AVblock, the heart rate is maintained by a rhythm 
that is driven by a ventricular pacemaker and is about 50 
bpm. By blocking (3 receptors in the ventricle, a (3-blocker 
can reduce this barely sufficient heart rate, causing heart 
failure. Pilocarpine is not dangerous because in a patient with 
a complete AVblock, the AV conduction is, by definition, al- 
ready completely blocked, and the parasympathetic control 
of the ventricle is negligible, due to lack of innervation. 

B, C, E These drugs are not used for treating glaucoma. 

Learning objective: Describe the therapeutic uses of physo- 
stigmine. 

24. CThe patient’s symptoms, signs, and history indicate that he 
was most likely poisoned by black berries of deadly night- 
shade ( Atropa belladonna ), a plant containing antimuscarinic 
alkaloids (mainly atropine and scopolamine). Antimusca- 
rinic syndrome is due to competitive blockade of muscarinic 
receptors all over the body. Physostigmine is an anticholin- 
esterase inhibitor that can cross the blood-brain barrier, in- 
creasing the availability of acetylcholine both in the central 
nervous system and in the periphery. Although theoretically 
a cholinesterase inhibitor would be the ideal therapy for an- 
timuscarinic poisoning, physostigmine can have dangerous 
central nervous system effects. Therefore, it is used only in 
patients with dangerous hyperthermia or severe tachycar- 
dia, as in this case. 

A Neostigmine, a quaternary ammonium compound, is a 
cholinesterase inhibitor that cannot cross the blood-brain 
barrier and therefore is unable to counteract the central ef- 
fects of atropine and scopolamine. 

B, D-F These drugs interact with the adrenergic system 
and are therefore useless, or even dangerous, in antimusca- 
rinic poisoning. 

foaming objective: Explain the mechanism of hypotension that 
occurs after the hypertensive effect induced by nicotine. 

25. A Prolonged activation of nicotinic receptors causes a per- 
sistent depolarization of the postjunctional cell membrane 
that prevents the return to the resting state. Because it is 
the change in the resting potential that triggers the action 


potential, the depolarized membrane is resistant to further 
depolarization, and neuronal transmission is blocked (depo- 
larization blockade). Impairment of neuronal transmission 
in sympathetic ganglia decreases the sympathetic tone, thus 
causing a decrease in blood pressure. 

B, C Blockade of ganglionic M 0 and receptors would 
prevent the production of inhibitory postsynaptic potential 
and early slow excitatory postsynaptic potential. These po- 
tentials are not involved in the production of the action 
potential. 

D, E Nicotine does not prevent acetylcholine or catechol- 
amine release. 

Learning objective: Describe the therapeutic uses of pilocarpine. 

26. E Sjogren syndrome is a diffuse connective tissue disease 
in which lymphocytes infiltrate mucosal and other tissues. 
Lymphocytic infiltration in salivary glands causes gland at- 
rophy. Saliva diminishes, resulting in extreme dryness of the 
mouth and lips. If glands are not severely atrophied, pilocar- 
pine can be used to stimulate salivary production. 

A Acetylcholine is not used for systemic therapy because 
of its very short duration of action. 

B-D Phenylephrine, prazosin, and donepezil have little ef- 
fect on salivary production. 

Learning objective: Describe the absolute contraindications of 

neostigmine. 

27. D The patient’s signs and symptoms suggest the diagnosis 
of adynamic ileus due to intraperitoneal infection (see the 
high-grade fever). Ileus means paralysis of the gut. When 
this paralysis is due only to a lack of autonomic neurotrans- 
mission (as in most cases ofpostoperative ileus), a drug such 
as neostigmine, which increases the levels of acetylcholine, 
can help to restore the motor activity ofthe gut. On the other 
hand, when the paralysis is due to obstruction or inflamma- 
tion ofthe gut, cholinergic drugs are absolutely contraindi- 
cated, as an increase in gut motility in these conditions can 
exacerbate the inflammation and lead to perforation ofthe 
intestine. 

A-C, E All of these therapeutic measures are indicated, 
not contraindicated, in case of ileus due to intraperitoneal 
infection. 

Learning objective: Describe the therapy of organophosphate 

poisoning. 

28. F The patient’s symptoms and signs indicate that he was 
most likely poisoned by an organophosphate insecticide. 
The use of these pesticides is now banned or restricted in 
many countries, but they are still commonly used in under- 
developed countries. The two first-line agents for this poi- 
soning are atropine and a cholinesterase reactivator such as 
pralidoxime. Atropine is essential to counteract muscarinic 



effects on the central nervous system, as pralidoxime does 
not appreciably cross the blood-brain barrier. 

A-E See correct answer explanation. 

Learning objective: Describe the pharmacological actions of 
nicotine. 

29. CBy activating nicotinic neuronal receptors, nicotine increases 
the release of epinephrine from chromaffin cells of the adre- 
nal medulla, which is the only peripheral organ able to syn- 
thesize epinephrine. 

A, B, D, ENicotine causes effects opposite to those listed 

learning objective: Explain the mechanism of the emetic action of 
nicotine. 

30. B Nicotine can directly stimulate the chemoreceptor trigger 
zone, and this seems to be the main mechanism of nicotine- 
induced nausea and vomiting. Additional mechanisms involve 


the afferent stimulation of the vomiting center by sensory 
receptors present in the tongue and lungs. 

A, C, D Nicotine can act on these sites, but they are not in- 
volved in the mechanism of nausea and vomiting. 

ENicotine does not interfere significantly with vestibular 
function. 
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Answers and Explanations: II-5 Anticholinergic Drugs 


Questions 1-5 

1. F 

2. C 

3. B 

4. G 

5. E 

Learning objective: Identify the receptors that mediate the anti- 
emetic action of scopolamine. 

6. E The drug used by the patient was most likely scopolamine, 
the only anti-motion sickness drug that can be applied to the 
skin via a transdermal patch. Antimuscarinic drugs are used 
in certain vestibular disorders, including motion sickness and 
Meniere disease. Their main mechanism of action is most 
likely related to blockade of muscarinic Mj receptors located 
in the vestibular nuclei, in the chemoreceptor trigger zone, 
and in the solitary tract nucleus. This blockade decreases fir- 
ing from these regions to the vomiting center, so nausea and 
vomiting are prevented. 

A-D See correct answer explanation. 

learning objective: Explain the molecular mechanism of act ion of 

antimuscarinic quaternary ammonium compounds. 

7. C Glycopyrrolate is a quaternary ammonium antimuscarinic 
drug. Drugs of this type relax the intestinal smooth muscle 
and are sometimes given to patients with irritable bowel 
syndrome during periods of diarrhea, in order to relieve the 


hyperactivity of the gut. Quaternary ammonium antimusca- 
rinic drugs mainly block muscarinic receptors but also exhibit 
a significant blocking activity on ganglionic Nn receptors. Both 
the blockade of M 3 receptors in the gastrointestinal smooth 
muscle and the blockade of the Nn receptors in the ganglia of 
the myenteric and submucosal plexus likely contribute to the 
relaxation of the smooth muscle. 

A, B, D, E See correct answer explanation. 

learning objective: Explain the postreceptor mechanism mediat- 
ing the antidiarrheal effect of atropine. 

8. B The history and symptoms of the patient indicate that she 
was most likely suffering from traveler’s diarrhea, a gastro- 
enteritis that is usually caused by bacteria endemic to local 
water. Atropine is still a component ofmany over-the-counter 
antidiarrheal preparations available outside the United States. 
Diarrhea is mediated, at least in part, by an increased activity 
of the parasympathetic nervous system. By activating M 3 re- 
ceptors, acetylcholine increases the synthesis of inositol tri- 
phosphate/diacylglycerol (IP 3 /DAG), which in turn increases 
the amount of Ca 2+ available for muscle contraction. By block- 
ing M 3 receptors in the gut, atropine prevents this increase 
and thus relieves the diarrhea. 

A, C, D Atropine does not have these effects. 

E Atropine can block presynaptic M 0 receptors, but this ac- 
tion would increase the release of acetylcholine, which would 
worsen, not relieve, the diarrhea. 




learning objective: Explain the postreceptor mechanism that 
mediates atropine -induced increase in heart rate. 

9. B By activating M 2 receptors, acetylcholine opens K + chan- 
nels in the sinoatrial (SA) node. This increases the outward 
K + current, and the membrane becomes hyperpolarized. 
The result is a decrease in firing rate of the SA node. By 
blocking M 2 receptors, antimuscarinic drugs counteract the 
acetylcholine-induced opening of K + channels in the SA 
node. The firing rate of the SA node is increased, causing an 
increase in heart rate. 

A Acetylcholine-induced release of nitric oxide causes va- 
sodilation, which could lead to reflex tachycardia. By coun- 
teracting this action, antimuscarinic drugs would decrease, 
not increase, the heart rate. 

C Antimuscarinic drugs can counteract acetylcholine- 
induced decrease in cardiac contractility, but this has noth- 
ing to do with the increase in heart rate. 

D Acetylcholine-induced opening of Na + channels in gan- 
glionic neurons is mediated by the activation of Nn recep- 
tors. Antimuscarinic drugs have weak or negligible blocking 
activity on these receptors. 

E The blockade of presynaptic autoreceptors increases 
the release of acetylcholine from cholinergic terminals. This 
would decrease, not increase, the heart rate. 

Learning objective: Explain the mechanism of atropine -induced 
hyperthermia. 

10. E Atropine poisoning can occur from honey made from the 
pollen of plants from the nightshade family. Several cases 
have been reported in the literature. By blocking M 3 recep- 
tors on sweat glands, atropine can reduce sweating enough 
to raise the body temperature. This occurs primarily in chil- 
dren, because they are especially susceptible to the toxic 
effects of antimuscarinic drugs. 

A Toxic doses of antimuscarinic drugs cause skin vaso- 
dilation. 

B Antimuscarinic drugs do not affect prostaglandin syn- 
thesis. Moreover, blockade of prostaglandin synthesis in 
the hypothalamus has an antipyretic, not a fever-inducing, 
effect. 

CUncoupling oxidative phosphorylation in skeletal muscle 
can cause fever, but this is not an action of antimuscarinic 
drugs. Uncoupling can be caused by high doses of certain 
chemicals, such as dinitrophenol and salicylates. 

D The receptors involved in temperature regulation by the 
hypothalamic thermostatic center are still unknown. 


learning objective: Explain why ipratropium and tiotropium are the 
only antimuscarinic drugs used to treat bronchospastic disorders. 

11. D In the past, antimuscarinic drugs were used to treat bron- 
chospastic disorder. However, it was realized that most anti- 
muscarinic drugs reduce the volume ofbronchial secretions, 
which then become thick. This viscous material is difficult 
to remove from the respiratory tree and can dangerously ob- 
struct airflow. Moreover, the reduced bronchial secretions in 
turn decrease mucociliary clearance, an important function 
for the cleaning of the bronchial tree. Therefore, these drugs 
(except ipratropium and tiotropium) have become contra- 
indicated in respiratory disorders. Ipratropium, for unknown 
reasons, has negligible effects on bronchial secretions and 
mucociliary clearance. Thus, its anticholinergic properties 
can be safely exploited in the treatment of bronchospastic 
disease. 

A Potency, or the inverse of the dose needed to get a pre- 
determined effect, is almost never the reason for the choice 
of a specific drug. 

B These drugs are given only by the inhalatory route, so oral 
bioavailability is not an issue. Moreover, the oral bioavail- 
ability is very low, as these drugs are quaternary ammonium 
compounds and therefore cannot cross lipid membranes. 

C By definition, bioavailability is the fraction of drug 
reaching the general circulation. When given by inhalatory 
route, the fraction of ipratropium reaching the general circu- 
lation is negligible. 

E Central effects of these drugs are negligible (the drugs 
are poorly absorbed), but this is not the reason why these 
drugs are the preferred antimuscarinic agents to treat bron- 
chospastic disorders. 

foaming objective: Describe the ocular effects of homatropine. 

12. E Homatropine is an antimuscarinic drug that blocks M 3 re- 
ceptors in the sphincter muscle of the iris and in the ciliary 
muscle. The relaxation of the sphincter muscle of the iris in- 
creases pupillary diameter, thus facilitating the eye fundus 
inspection. The relaxation ofthe muscle stretches the zonula 
fib ers, which in turn pull the lens capsule and decrease lens 
curvature. The relaxation of the ciliary muscle also tends 
to close the spaces of the trabecular meshwork, decreasing 
aqueous humor outflow, which in turn causes an increase 
in intraocular pressure. 

A-D See correct answer explanation. 



learning objective: Describe the ocular actions of antimuscarinic 
drugs. 

13. A Antimuscarinic drugs relax the ciliary muscle. This action 
compresses the trabecular meshwork and Schlemm canal, 
decreasing the outflow of aqueous humor. The final effect 
is increased intraocular pressure. 

B Aqueous humor production is primarily under the con- 
trol of the sympathetic nervous system. 

C Vessel tone is primarily under the control of the sympa- 
thetic nervous system. 

D The radial muscle of the iris is primarily under the con- 
trol of the sympathetic nervous system. 

EEpiscleral aqueous humor outflow is primarily under the 
control of prostaglandins. 

F The tarsal is a palpebral smooth muscle and has nothing 
to do with the control of intraocular pressure. 

Learning objective: Describe the pharmacological actions of 
darifenacin. 

14. E The patient’s symptoms indicate that he was suffering 
from urge incontinence, the most common form of urinary 
incontinence affecting the elderly. Darifenacin is a selective 
M 3 antagonist. By blocking M 3 receptors, the drug relaxes 
the smooth muscle of the bladder, so the compliance (i.e., a 
measure ofthe ease with which a hollow internal organ may 
be distended) ofthe bladder is increased. 

A Decreased tone ofthe internal sphincter ofthe bladder 
is mediated by blockade of oij adrenoceptors. 

B Relaxation of the prostate capsule is mediated by block- 
ade ofoij adrenoceptors. 

C Contraction of the detrusor muscle is mediated by acti- 
vation of M 3 receptors. 

D Diuresis is not under the control of M 3 receptors. 

Learning objective: Describe the ocular actions of ipratropium. 

15. E Ipratropium is a quaternary ammonium antimuscarinic 
drug. By blocking M 3 receptors in the ciliary muscle, it causes 
cycloplegia with loss of accommodation for near vision. 

A Systemic effects are unlikely with local administration 
of the drug. Moreover, urge incontinence is due to contrac- 
tion of the detrusor muscle. By blocking M 3 receptors, anti- 
muscarinic drugs would cause relaxation, not contraction, of 
the detrusor muscle. 

B, F Quaternary ammonium antimuscarinic drugs do not 
cross the blood-brain barrier, so these effects are unlikely. 

C By blocking M 3 receptors, antimuscarinic drugs would 
cause xerostomia, not salivation. 

D Systemic effects are unlikely with a local administration 
of the drug. Moreover, by blocking M 2 receptors in the heart, 
antimuscarinic drugs would increase AV conduction, so AV 
block is unlikely. 


Learning objective: Describe the effects of an overdose of atro- 
pine in children. 

16. C Antimuscarinic drugs are sometime used to prepare the 
eye for measurement of refractive errors. Even if atropine is 
administered topically, it can pass into the nasolacrimal duct 
and be absorbed from the nasal mucosa. Children are espe- 
cially sensitive to the effects of antimuscarinic drugs and 
may exhibit the classic central and cardiovascular symptoms 
of atropine overdose, as in this case. 

A, B Phenylephrine and epinephrine can also be absorbed 
from the nasal mucosa and could transiently increase the 
heart rate, but they do not cause central effects, as they do 
not enter the brain. 

D, E Timolol and pilocarpine would cause a decrease, not 
an increase, in heart rate. 

Learning objective: Describe the adverse effects of atropine. 

17. C Atropine is still a component of many over-the-counter 
antidiarrheal preparations available outside the United States. 
By blocking M 0 receptors in the heart, atropine increases 
atrioventricular conduction. In a patient with atrial fibrilla- 
tion, this increase can cause tachycardia (more impulses 
originating in the atrium can reach the ventricle), which in 
turn stimulates the release of atrial natriuretic peptide. This 
explains the patient’s urgent need to urinate. It is interesting 
to note that atropine will increase the urge to urinate while 
inhibiting the ability to do so. The urge to urinate is due to 
the increased diuresis that in turn increases filling of the 
bladder. The consequent increased firing from stretch recep- 
tors ascends the spinal cord to the periaqueductal gray, 
where it projects both to the pontine micturition center and 
to the cerebrum. At the same time, the anticholinergic activ- 
ity of atropine tends to relax the detrusor, thus inhibiting 
the ability to urinate. 

A, B, D, ENone of these drugs are used to relieve diarrhea. 

learning objective: Describe the symptoms and signs of scopol- 
amine poisoning. 

18. C The patient’s signs and symptoms indicate he was most 
likely poisoned by scopolamine, a drug frequently used to 
“cut” heroin. Epidemics of poisoning caused by heroin adul- 
terated with scopolamine have occurred in New York and 
the eastern United States. The most frequent symptoms of 
antimuscarinic poisoning are tachycardia, mild hyperten- 
sion, dilated pupils, dry and hot skin, and diminished or ab- 
sent bowel sounds. 

A, B, D, E See correct answer explanation. 




learning objective: Explain the main contraindication of anti- 
muscarinic drugs. 

19. B Antimuscarinic drugs relax the detrusor muscle, so void- 
ing of the bladder becomes more difficult. This can be espe- 
cially dangerous in patients with prostatic hyperplasia who 
already have difficulty in micturition, due to prostate-induced 
narrowing of the urethra. In these patients, antimuscarinic 
drugs can precipitate acute urinary retention. 

A Alpha- 1 antagonists such as prazosin are actually in- 
dicated in prostatic hyperplasia, as they relax the internal 
sphincter of the bladder. 

C Beta-blockers tend to contract the smooth muscle, as 
they block (3 0 receptor-mediated relaxation. However, these 
drugs have little influence on nonvascular smooth muscles, 
which are mainly under parasympathetic control. 

D Alpha-2 agonists activate a 0 receptors, which are mainly 
presynaptic. This activation in turn can decrease the release 
of norepinephrine, thereby decreasing the contractility of 
the internal sphincter of the bladder. 

EBeta-1 agonists do not affect the contractility of smooth 
muscle. 

learning objective: Describe the therapeutic uses of atropine. 

20. E Atropine is always used to treat poisoning by cholinester- 
ase inhibitors, because it is able to counteract both the cen- 
tral and peripheral symptoms of acetylcholine excess. 

APralidoxime rapidly regenerates the phosphorylated ace- 
tylcholinesterase and therefore is useful for the treatment of 
poisoning due to organophosphates (irreversible cholines- 
terase inhibitors). However, the drug is contraindicated when 
poisoning is due to reversible cholinesterase inhibitors, as in 
this case. In fact, pralidoxime is not able to regenerate the 
acetylcholinesterase blocked by carbamates; it also has weak 
anticholinesterase activity. 

B, C Sympathomimetic drugs such as terbutaline and epi- 
nephrine are useless in the treatment of poisoning by cho- 
linesterase inhibitors. 

D Glycopyrrolate is a quaternary ammonium antimusca- 
rinic drug. Therefore, it would not be able to counteract the 
central effects of acetylcholine excess because it does not 
cross the blood-brain barrier very well. 

learning objective: Describe the therapeutic uses of glyco- 
pyrrolate. 

21. D Antimuscarinic drugs are currently used to treat diarrhea 
from various causes, including drug-induced diarrhea, as in 
this case. Quaternary ammonium compounds, such as glyco- 
pyrrolate, are sometimes preferred for two reasons: 


• There is a clinical impression that they have a relatively 
greater effect on gastrointestinal activity. This has been 
attributed to the fact that they can also block nicotinic 
receptors in parasympathetic ganglia of myenteric and 
submucosal plexus. 

• Because their oral bioavailability is low, when given 
orally, their effects are mainly limited to the gastrointes- 
tinal wall (where they are, initially, more concentrated). 

B Ipratropium is an antimuscarinic quaternary ammo- 
nium compound but is given only by the inhalatory route for 
bronchospastic disorders. 

A, C, E Sympathetic agonists and antagonists have little ef- 
fect on the gastrointestinal system and are not used to treat 
diarrhea. 

F Donepezil is a cholinesterase inhibitor and therefore 
would be contraindicated in this case of diarrhea. 

learning objective: Describe the therapeutic uses of atropine. 

22. CAtropine is sometimes used to prevent vagal reflexes when 
surgery is performed near the location of the vagus nerve, as 
in this case. 

A Ipratropium is an antimuscarinic drug, but it is used 
only by inhalation for bronchospastic disease. 

B, D, E Dopamine, isoproterenol, and epinephrine can in- 
crease the heart rate, but atropine is much more effective 
when bradycardia is due to parasympathetic activation. 

learning objective: Describe the therapeutic uses of atropine. 

23. D Asystole is the complete electrocardiographic absence of 
electrical activity. Its development usually indicates a pro- 
longed cardiac arrest and carries a very grave prognosis. 

In the treatment of asystole, epinephrine is the initial 
agent of choice to generate a rhythm. Because enhanced para- 
sympathetic tone, possibly also due to chest compression, 
may play a role in inhibiting supraventricular and ventricu- 
lar pacemakers, anticholinergic drugs may be beneficial, and 
atropine is usually tried when epinephrine fails. 

ANeostigmine increases cholinergic activity and is there- 
fore absolutely contraindicated in this setting. 

B, C When epinephrine does not work, the choice of other 
sympathomimetic drugs, such as norepinephrine and dopa- 
mine, is irrational. 

E Ipratropium is an anticholinergic agent but is used only 
by inhalation for bronchospastic disorders. 



learning objective: Describe the interactions between mecamyl- 
amine and other autonomic drugs. 

24. C Norepinephrine increases the mean blood pressure. This 
increase causes a stimulation of aortic baroreceptors, which 
activates the baroreceptor reflex. The increased vagal dis- 
charge overcomes the direct effect of norepinephrine on the 
heart rate (an increase due to the activation of receptors), 
so the final effect is a decrease in heart rate. Ganglionic 
blockers such as mecamylamine impair the baroreceptor re- 
flex, thereby abolishing bradycardia. 

ANeostigmine is a cholinesterase inhibitor that increases 
the availability of acetylcholine at every cholinergic synapse. 
Acetylcholine activates M 3 receptors in the gut and Nn re- 
ceptors in the autonomic ganglia. Both actions contribute to 
the increase in intestinal peristalsis. Aganglionic blocker can 
prevent the activation of Nn receptors but has no effect on 
the activation of M 3 receptors. Therefore, peristalsis will be 
decreased but not completely abolished. 

B Nicotine-induced contraction of skeletal muscle is due 
to activation ofNm receptors. Ganglionic blockers have neg- 
ligible activity on these receptors. 

D Epinephrine-induced tachycardia is due to the activa- 
tion of cardiac p 3 and (3 0 receptors. Aganglionic blocker can- 
not block these receptors. 

E Ganglionic blockers actually cause hypotension by block- 
ing the sympathetic discharge to the vessels. Therefore, the 
propranolol-induced hypotension is in fact enhanced, not 
prevented. 

Learning objective: Describe the adverse effects of antimuscarinic 
drugs. 

25. C By blocking M 0 receptors, antimuscarinic drugs decrease 
the vagal control to the heart, which is mainly on sinoatrial 
and atrioventricular nodes. This can lead to an increased 
heart rate that in turn can cause a conscious awareness of 
the heart beating (i.e., palpitations). 

A, B, D, E By blocking muscarinic receptors, atropine tends 
to cause effects opposite to those listed. 

Learning objective: Describe the interactions between atropine 
and other autonomic drugs. 

26. A Physostigmine is a cholinesterase inhibitor, and therefore 
it can increase the availability of acetylcholine at cholinergic 
neuroeffector junctions. Activation ofM 3 receptors in sweat 
glands promotes sweating. By blocking M 3 receptors, atro- 
pine can counteract this action. 

B Epinephrine increase blood pressure by activating and 
p j receptors. These receptors are not affected by atropine. 

C Nicotine can cause skin vasoconstriction by activating 
Nn receptors in sympathetic ganglia. Atropine has negligible 
effects on Nn receptors. 


D Prazosin can cause reflex tachycardia by blocking re- 
ceptors, which in turn decreases the blood pressure. Atropine 
actually can cause tachycardia and therefore can increase, 
not counteract, the action of prazosin. 

E Glycopyrrolate induces bronchodilation by blocking 
M 3 and Nn receptors. Atropine can block M 3 receptors and 
therefore can increase, not counteract, the action of glyco- 
pyrrolate. 

learning objective: Explain the molecular mechanism of act ion of 
ipratropium on the eye. 

27. A Ipratropium nasal spray is approved by the U.S. Food and 
Drug Administration for the management ofrhinorrhea from 
various causes. When given by this route, the drug can cause 
antimuscarinic effects on the eye. The blockade ofM 3 recep- 
tors on the sphincter muscle of the iris causes mydriasis, 
which in turn can lead to photophobia, whereas the block- 
ade of M 3 receptors in the ciliary muscle causes cycloplegia, 
which in turn leads to impairment of near vision. 

B Ipratropium blocks, not activates, M 3 receptors. 

C-F Ipratropium has no effect on adrenoceptors. 

Learning objective: Describe the pharmacological action that con- 
tributes to atropine -induced increase in heart rate. 

28. D Bradycardia that occurs after a myocardial infarction is 
often due to an AVblock, which often results from increased 
parasympathetic tone and usually responds to atropine. 
Sometimes the block resolves spontaneously, but atropine 
is given when the heart rate is too low for sufficient cardiac 
output. 

A-C, E, F See correct answer explanation. 

learning objective: Explain the molecular mechanism of act ion of 
glycopyrrolate given topically to manage hyperhidrosis. 

29. E Glycopyrrolate is a quaternary antimuscarinic drug some- 
times used locally to counteract excessive sweating. The drug 
blocks M 3 receptors located in the sweat glands, thus re- 
lieving hyperhidrosis. However, relief is incomplete at best, 
likely because apocrine rather than exocrine glands are usu- 
ally involved in the excessive sweating, and the autonomic 
control of apocrine glands seems adrenergic rather than 
cholinergic. 

A, C, D These receptors do not mediate sweating. 

B Glycopyrrolate can block Nn receptors in autonomic 
ganglia. This action can contribute to the final effect of re- 
lieving excessive sweating when the drug is given parenter- 
ally. However, when given locally, the drug can reach the 
sweat glands located in the dermis but not the sympathetic 
ganglia located on the spinal cord. 



Learning objective: Describe the action of ganglionic blockers on 
heart rate. 

30. C Ganglionic blocking drugs block Nn receptors on both 
sympathetic and parasympathetic ganglia. Therefore, the 
heart is no longer under autonomic control and goes back 
to its intrinsic rate, which is approximately 1 00 bpm. 

A, B, D, E See correct answer explanation. 
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HI Central Nervous System 

Questions: IE-1 Introduction to Central Nervous System Pharmacology 


Difficulty level: Easy 

1. A 3-year-old boy was brought to the emergency department 
after eating some black berries from a plant in the woods. 
Physical examination showed a disoriented and hallucinating 
patient with dilated pupils, dry mouth, red and dry skin, and 
body temperature of 103.4°F (39.7°C). Vital signs were blood 
pressure 90/50 mm Hg, pulse 122 bpm, respirations 24/min. 
The central and peripheral symptoms of this patient were 
most likely mediated by the blockade of which of the follow- 
ing receptors? 

A. Noradrenergic 

B. Nicotinic 
C Muscarinic 

D. Dopaminergic 

E. Serotonergic 

F. GABAergic 

G. Glutamatergic 

Difficulty level: Hard 

2 . A 33-year-old man who was a heavy smoker started a medi- 
cally assisted program to quit smoking. Therapy included the 
administration of an agonist at a 0 presynaptic receptors that 
acts mainly on noradrenergic neurons in the brain. Which of 
the following brain regions was most likely involved in the 
therapeutic effect of the drug in this patient? 

A. Nucleus basalis of Meynert 

B. Central raphe nucleus 

C. Locus ceruleus 

D. Substantia nigra 

E. Amygdala 

F. Nucleus tractus solitarius 
Difficulty level: Medium 

3. A 46-year-old woman complained to her physician of day- 
time sleepiness. One day earlier, she had started taking an 
antihistamine for allergic rhinitis. The physician explained 
that drowsiness was most likely due to inhibition ofthe action 
of histaminergic neurons in the brain. Which of the following 
brain regions was most likely involved in the adverse effect of 
this drug? 

A. Nucleus tractus solitarius 

B. Caudatum 

C Hippocampus 

D. Nucleus basalis of Meynert 

E. Amygdala 

F. Ventral posterior hypothalamus 


Difficulty level: Medium 

4. A 5 1 -year-old man suffering from episodic leg cramps started 
a treatment with a drug that activates GABA b receptors both 
in the brain and in the spinal cord. This activation most likely 
opened which ofthe following ion channels? 

A. K + 

B. Cl 

C Ca 2+ 

D. Mg++ 

E. Na + 

Difficulty level: Easy 

5 . A 54-year-old woman suffering from initial insomnia was 
prescribed a hypnotic drug that increases the activity of a 
major neurotransmitter system in the brain. Which of the fol- 
lowing neurotransmitter systems was most likely involved in 
the therapeutic action of that drug? 

A. Cholinergic 

B. Noradrenergic 
C Glutamatergic 

D. GABAergic 

E. Dopaminergic 

F. Endorphinergic 

Difficulty level: Medium 

6. A54-year-old woman was admitted unconscious to the emer- 
gency department after a car accident. After physical and lab 
exams, a diagnosis of brain injury was made. It is known that 
in brain injury, a rapid and large increase of Ca 2+ influx into 
damaged neurons can contribute significantly to neuronal 
death (a process called excitotoxicity). Activation of which of 
the following brain receptors most likely caused this meta- 
bolic derangement in the patient? 

A. Presynaptic a 0 adrenoceptors 

B. Postsynaptic a 2 adrenoceptors 

C. Presynaptic NMDA receptors 

D. Postsynaptic NMDA receptors 

E. Presynaptic GABA receptors 

F. Postsynaptic GABA receptors 
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Difficulty level: Easy 

7. A35-year-old woman was admitted to a psychiatric hospital 
for evaluation. She reported episodic feelings of sadness 
since adolescence, but she had noticed a gradual worsening 
in her mood over the past 3 weeks. She had depressed mood 
most of the day, had lost interest in any leisure activity, and 
had difficulty sleeping, poor appetite, low energy, feelings 
of guilt, and recurrent thoughts of death. Which of the fol- 
lowing pairs of neurotransmitters were most likely involved 
in the patient’s disorder? 

A. Glutamate and serotonin 

B. Norepinephrine and glutamate 
C Glutamate and acetylcholine 

D. Serotonin and acetylcholine 

E. Serotonin and norepinephrine 

F. Acetylcholine and norepinephrine 

Difficulty level: Easy 

8. A 63-year-old woman recently diagnosed with generalized 
anxiety disorder started a treatment with a drug that in- 
creases serotonin availability in the synaptic cleft. Which of 
the following enzymes is the rate-limiting step in serotonin 
biosynthesis? 

A. Tyrosine hydroxylase 

B. Dopamine-B-hydroxylase 
C Tryptophan hydroxylase 

D. Choline acetyl transferase 

E. L-amino acid decarboxylase 

Difficulty level: Easy 

9 . A 26-year-old man with a long history of polydrug abuse 
stated that he felt an intense euphoric sensation every time 
he self-administered any illicit drug. Which of the following 
items correctly pairs the neurotransmitter and the central 
nervous system site most likely involved in the rewarding 
effect of abused drugs? 

A. GABA-amygdala 

B. Acetylcholine-nucleus basalis of Meynert 
C Histamine-nucleus accumbens 

D. Dopamine-basal ganglia 

E. Serotonin-raphe nuclei 

F. Dopamine-nucleus accumbens 

G. Serotonin-amygdala 

Difficulty level: Easy 

10 . The pharmacological activity of five new central nervous 
system (CNS) drugs (P, Q, R, S, and T) was studied in labora- 
tory animals. All drugs were able to change the availability 
of specific CNS neurotransmitters in the synaptic cleft. The 
results are reported in the table below. 


Drug 

Norepinephrine 

Acetylcholine 

GABA 

Serotonin 

P 

+ 

0 

+ 

+ 

Q 

— 

++ 

0 

++ 

R 

0 

0 

+++ 

+ 

S 

+++ 

— 

— 

+++ 

T 

0 

+++ 

0 

0 


+ = increased availability 
- = decreased availability 
0 = negligible effect 

Abbreviation: GABA, gamma-aminobutyric acid. 

Which of the following drugs is likely to be most effective in 
the treatment of Alzheimer disease? 

A. Drug P 

B. Drug Q 
C Drug R 

D. Drug S 

E. Drug T 

Difficulty level: Easy 

11 . A 32-year-old woman was brought to the emergency de- 
partment because of a generalized tonic-clonic seizure. Her 
husband stated that his wife had been suffering from epi- 
lepsy since childhood, but the seizures were only partially 
controlled by medication. Which of the following pairs of 
neurotransmitters are thought to be most involved in sei- 
zure disorders? 

A. GABA and serotonin 

B. GABA and glutamate 

C GABA and acetylcholine 

D. Serotonin and glutamate 

E. Serotonin and acetylcholine 

F. Acetylcholine and glutamate 

Difficulty level: Medium 

12 . A 34-year-old female patient in a psychiatric hospital had 
been standing immobile for several hours with one of her 
arms stretched upward. The patient was mute, unresponsive, 
and did not appear aware of her surroundings. When placed 
in another awkward posture, the patient maintained that 
posture for a long time without apparent distress. Which of 
the following neurotransmitters has been consistently im- 
plicated in the patient’s syndrome? 

A. Norepinephrine 

B. Acetylcholine 
C Histamine 

D. Dopamine 

E. GABA 

Difficulty level: Medium 

13 . The pharmacological activity of five new central nervous 
system drugs (P, Q, R, S, and T) was studied in laboratory 



animals. All drugs were able to change the availability of 
specific central nervous system neurotransmitters in the 
synaptic cleft. The results are reported in the table below. 


Drug 

Dopamine 

Acetylcholine 

GABA 

Serotonin 

P 

+++ 

+++ 

0 

— 

Q 

— 

++ 

0 

+ 

R 

+++ 

— 

0 

0 

S 

+ 

0 

+++ 

+++ 

T 

+ 

+++ 

+ 

— 


+ = increased availability 
- = decreased availability 
0 = negligible effect 

Abbreviation: GABA, gamma-aminobutyric acid. 

Which ofthe drugs would be most effective in the treatment 
of Parkinson disease? 

A. Drug P 

B. Drug Q 
C Drug R 

D. Drug S 

E. Drug T 

Difficulty level: Easy 

14 . A 71 -year-old man recently diagnosed with Alzheimer dis- 
ease started a therapy with a drug that acts mainly on the 
central cholinergic system. Which of the following brain 
regions was most likely involved in the therapeutic effect of 
the drug in this patient? 

A. Nucleus basalis of Meynert 

B. Central raphe nucleus 
C Locus ceruleus 

D. Substantia nigra 

E. Amygdala 

F. Nucleus tractus solitarius 
Difficulty level: Easy 

15 . A41-year-old woman was admitted to the psychiatric hos- 
pital because of a 1 -year history of apprehension and worry. 
She had been feeling tense most of the time, was often irri- 
table, and found it hard to concentrate because of her con- 
stant distress. After psychiatric examination, a diagnosis of 
generalized anxiety disorder was made, and a therapy was 
prescribed that included a drug with pronounced anxiolytic 
activity. Which of the following neurophysiological actions 
most likely mediated the therapeutic effect of that drug? 

A. Increased serotonergic transmission 

B. Decreased serotonergic transmission 
C Increased dopaminergic transmission 

D. Decreased dopaminergic transmission 

E. Increased glutamatergic transmission 

F. Decreased glutamatergic transmission 


Difficulty level: Easy 

16 . A 32-year-old man who had been injured in a car accident 
1 month earlier presented to the hospital for a follow-up 
visit. Neurologic examination disclosed slowness of inten- 
tional movements and spasticity. Adiagnosis ofupper motor 
neuron syndrome due to damage of pyramidal motor neu- 
rons was made. Which of the following neurotransmitters 
was most likely involved in the patient’s syndrome? 

A. Norepinephrine 

B. Glutamate 

C Acetylcholine 

D. Dopamine 

E. GABA 

Difficulty level: Medium 

17 . A 24-year-old woman presented to a psychiatrist complain- 
ing of a distressing behavior. For the past several months she 
experienced an irresistible urge to check that everything 
was in a certain order at home and found it hard to get out of 
the house because she needed, again and again, to verify that 
the door was locked. She admitted her urge was irrational, 
but she was unable to control it. After psychiatric examina- 
tion, a diagnosis was made, and a drug was prescribed. Which 
of the following neurotransmitters has been most consis- 
tently implicated in the patient’s disorder? 

A. Acetylcholine 

B. Norepinephrine 
C GABA 

D. Serotonin 

E. Glutamate 

F. Histamine 

Difficulty level: Easy 

18 . A 44-year-old man was admitted unconscious to the emer- 
gency department. Shortly after admission, he had a tonic- 
clonic seizure. Further exams led to the diagnosis of status 
epilepticus, and he was treated with a drug that increased 
the activity of a central neurotransmitter able to generate 
only inhibitory postsynaptic potentials (IPSPs) by increasing 
Cl" or K + conductance. Which of the following neurotrans- 
mitters was most likely affected by the drug treatment? 

A. Glutamate 

B. Acetylcholine 
C Norepinephrine 

D. GABA 

E. Dopamine 



Difficulty level: Easy 

19 . A 37-year-old man recently diagnosed with partial seizures 
started a treatment with a drug that is thought to act by 
blocking A-methyl-d-aspartate (NMDA) receptors in the 
brain. Which of the following central systems was most 
likely affected by that drug? 

A. Noradrenergic 

B. Cholinergic 

C Histaminergic 

D. Dopaminergic 

E. Serotonergic 

F. GABAergic 

G. Glutamatergic 


Difficulty level: Medium 

20 . A 36-year-old man was brought to the emergency depart- 
ment after a serious car accident. He began to experience 
severe pain throughout his body. Which of the following 
triplets of neurotransmitters most likely acted in the central 
nervous system to decrease pain signaling in this patient? 

A. Norepinephrine, GABA, glutamate 

B. Glutamate, norepinephrine, opioid peptides 
C Histamine, acetylcholine, GABA 

D. Histamine, acetylcholine, opioid peptides 

E. Glutamate, GABA, serotonin 

F. Opioid peptides, norepinephrine, serotonin 


Questions: IE-2 Sedative and Hypnotic Drugs 


Directions for questions 1-6 

Match each sedative-hypnotic drug with the appropriate descrip- 
tion (each lettered option can be selected once, more than once, 
or not at all). 

A. Alprazolam 

B. Buspirone 
C Clonazepam 

D. Flumazenil 

E. Flunitrazepam 

F. Lorazepam 

G. Midazolam 

H. Phenobarbital 

I. Thiopental 

J. Zolpidem 

Difficulty level: Easy 

1. A partial agonist at serotonin (5-hydroxytryptamine, 5-HT) 
5-HT 1A receptors 

Difficulty level: Easy 

2. A competitive antagonist at benzodiazepine receptors 
Difficulty level: Easy 

3. A hypnotic drug with negligible effects on sleep architecture 
and stages 

Difficulty level: Easy 

4 . The barbiturate most frequently used to induce general 
anesthesia 

Difficulty level: Easy 

5. Abenzodiazepine with a very short half-life (about 2 hours) 


Difficulty level: Easy 

6. An anxiolytic drug with negligible abuse liability 
Difficulty level: Medium 

7. A42-year-old man recently diagnosed with generalized anxi- 
ety disorder had started a treatment with sertraline, but the 
drug caused some sexual dysfunction, and the psychiatrist de- 
cided to switch to a short course of alprazolam. Which of the 
following molecular actions on neuronal membranes most 
likely mediated the therapeutic effect of alprazolam in the 
patient’s disorder? 

A. Decreased outward Na + current 

B. Increased inward CDcurrent 
C Decreased outward K + current 

D. Increased inward Ca 2+ current 

E. Increased inward H current 

Difficulty level: Medium 

8. A 63-year-old woman was referred to a psychiatrist because 
of easy fatigue, worry, irritability, and difficulty concentrat- 
ing. These symptoms had been present almost continuously 
during the daytime since she retired from her job as a school- 
teacher 1 month ago. She told the doctor that those symptoms 
were unbearable and that she wanted to die. A preliminary 
diagnosis of severe generalized anxiety disorder was made, 
and a treatment with sertraline and diazepam was prescribed. 
Which of the following adverse effects were most likely to 
occur during the first days of therapy? 

A. Excitement and irritability 

B. Mental confusion and anterograde amnesia 
C Excessive sedation and drowsiness 

D. Respiratory depression and apnea 

E. Disturbing dreams and early awakening 



Difficulty level: Medium 

9 . A 36-year-old man was referred to a psychiatrist because of 
irritability, worrying thoughts, palpitations, dry mouth, and 
insomnia of 1 -month duration. The man had a past history 
of alcohol abuse, but he was able to quit 1 year ago after psy- 
chological counseling and drug therapy. Recently, he suf- 
fered from erectile dysfunction, treated with sildenafil. A 
provisional diagnosis of generalized anxiety disorder was 
made, and cognitive behavioral therapy with a drug treat- 
ment was prescribed. Which of the following drugs would 
be most appropriate for this patient? 

A. Diazepam 

B. Fluoxetine 
C Lorazepam 

D. Haloperidol 

E. Lithium 

F. Buspirone 

Difficulty level: Easy 

10 . A 75-year-old woman was undergoing cystoscopy for a sus- 
pected papilloma of the bladder. Before the procedure, the 
anesthesiologist administered alprazolam to induce con- 
scious sedation and to avoid situational anxiety. When the 
cystoscopy was over, flumazenil was administered. Which of 
the following terms best defines the mode of action of this 
drug? 

A. Full agonist 

B. Functional antagonist 
C Partial agonist 

D. Inverse agonist 

E. Competitive antagonist 

Difficulty level: Easy 

11 . A44-year-old man complained to his physician ofbeing tired, 
irritable, and tense, with frequent stomach upset and diar- 
rhea. The man denied past or present use of any illicit drugs 
or alcohol. Past medical history ofthe patient was significant 
for peptic ulcer, presently treated with omeprazole, and for 
myasthenia gravis, presently treated with neostigmine. After 
further clinical assessment, a diagnosis of generalized anxi- 
ety disorder was made, and an appropriate therapy was pre- 
scribed. Which of the following drugs would be relatively 
contraindicated for this patient? 

A. Venlafaxine 

B. Buspirone 
C Paroxetine 

D. Diazepam 

E. Sertraline 


Difficulty level: Easy 

12 . A 63-year-old woman complained to her physician of dif- 
ficulty in falling asleep. She denied nocturnal insomnia or 
early awaking. The doctor prescribed ramelteon, one tablet 
at bedtime. Which of the following molecular actions most 
likely mediated the therapeutic effect of the drug? 

A. Activation of GABA b receptors 

B. Blockade of a j receptors 

C Activation of melatonin receptors 

D. Blockade of glutamate receptors 

E. Activation of serotonin 5-HT 3 receptors 

Difficulty level: Easy 

13 . A58-year-old man was admitted to the hospital for a laparo- 
scopic hernia repair. General anesthesia was induced by in- 
travenous diazepam, and the patient lost consciousness in 
about 1 minute. He regained consciousness about 35 min- 
utes later. Knowing that the half-life of diazepam is about 40 
hours, which of the following items best explains the short 
action of the drug? 

A. Rapid metabolism of the drug within the central ner- 
vous system 

B. Rapid excretion of the drug by the kidneys 

C Redistribution of the drug from central nervous system 
to other tissues 

D. Biotransformation ofthe drug into inactive metabolites 

E. Development of a rapid tolerance to drug effects 

Difficulty level: Easy 

14 . A 43-year-old man suffering from rectal bleeding was ad- 
mitted to the hospital for a colonoscopy. An intravenous 
injection of diazepam was given before the procedure to in- 
duce a conscious sedation. Which of the following symp- 
toms did the patient most likely experience upon recovery 
from sedation? 

A. Nausea and vomiting 

B. Increased respiratory rate 
C Anterograde amnesia 

D. Limb muscle spasms 

E. Delusional thoughts 



Difficulty level: Easy 

15 . A 34-year-old man exhibited severe agitation, fearfulness, 
and apprehension upon recovery from surgery to remove a 
colon cancer. He was given an intravenous injection of a drug 
that acts by making the resting membrane potentials of short 
interneurons in several brain areas more negative. Which of 
the following drugs was most likely administered? 

A. Trazodone 

B. Haloperidol 
C Thiopental 

D. Alprazolam 

E. Buspirone 

F. Im ip r amine 

Difficulty level: Easy 

16 . A 16-year-old girl brought by ambulance to the emergency 
department was diagnosed with status epilepticus and was 
given an intravenous injection of a drug that binds to the a 
subunit of the GABA a receptor complex. Which of the fol- 
lowing drugs was most likely administered? 

A. Lorazepam 

B. Zolpidem 
G Flumazenil 

D. Phenytoin 

E. Valproic acid 

Difficulty level: Medium 

17 . A 67-year-old woman suffering from primary insomnia had 
started treatment with zolpidem, but the drug was with- 
drawn because she developed conjunctivitis, apparently due 
to a hypersensitivity reaction to the drug. Her physician pre- 
scribed behavioral therapy and a short course of temazepam, 
one tablet at bedtime. Which of the following was most likely 
an action of the drug on the patient’s sleep architecture? 

A. Decreased number of rapid eye movement (REM) sleep 
cycles 

B. Decreased latency of sleep onset 

C Increased duration of slow-wave sleep 

D. Increased duration of stage 1 sleep 

E. Decreased duration of stage 2 sleep 

Difficulty level: Medium 

18 . An 82-year-old man was brought to his physician by his son, 
who reported that his father appeared oversedated, spend- 
ing the whole day dozing. Further questioning revealed that 
the man had for some time been taking a “sleeping pill” 
given to him by a friend, but he did not remember the name 
of the drug. Which of the following drugs most likely caused 
the patient’s disorder? 


A. Zolpidem 

B. Temazepam 
G Ramelteon 

D. Chlorpromazine 

E. Buspirone 

F. Phenobarbital 

Difficulty level: Easy 

19. A 78-year-old man was admitted to the hospital because of 
a broken leg. His wife reported that he was walking in the 
dining room when he suddenly lost his balance and fell down. 
The man had been suffering from atrial fibrillation, insom- 
nia, hypertension, and anxiety. The patient’s medications on 
admission were atenolol, warfarin, diazepam, losartan, and 
hydrochlorothiazide. Which of these drugs was most likely 
to have contributed to the patient’s accident? 

A. Atenolol 

B. Warfarin 
G Diazepam 

D. Losartan 

E. Hydrochlorothiazide 

Difficulty level: Easy 

20. A 45-year-old man had been suffering from a central ner- 
vous system disorder for many years. Recently, a barbiturate 
was added to his pharmacotherapy. Which of the following 
central nervous system effects was most likely elicited by that 
drug? 

A. Antidepressant 

B. Antiparkinson 
G Antipsychotic 

D. Anticonvulsant 

E. Analgesic 

Difficulty level: Medium 

21. A66-year-old man who had been a heavy smoker for 30 years 
was undergoing bronchoscopy for suspected bronchogenic 
carcinoma. Before starting the intervention, the anesthesiol- 
ogist administered a drug to prevent situational anxiety and 
to provide anterograde amnesia of the procedure. Which of 
the following drugs would be appropriate for this patient? 

A. Buspirone 

B. Chlorpromazine 
G Zolpidem 

D. Oxazepam 

E. Haloperidol 

Difficulty level: Easy 

22. A 37-year-old man was brought unconscious to the emer- 
gency department. His roommate stated that the man had 
been very depressed for the last few days and that he had 



been drinking whiskey all day. The roommate also said he 
found an empty, unlabeled drug bottle next to him on the 
bed. Which of the following drugs most likely contributed to 
the patient’s intoxication? 

A. Buspirone 

B. Diazepam 
G Venlafaxine 

D. Fluoxetine 

E. lithium 

Difficulty level: Medium 

23 . A 61-year-old obese man complained of difficulty in falling 
asleep and asked his physician for a sleeping pill. The man 
had been recently diagnosed with obstructive sleep apnea, 
most likely due to obesity. Which of the following drugs 
would be contraindicated for this patient? 

A. Temazepam 

B. Acetazolamide 
C Im ip r amine 

D. Medroxyprogesterone 

E. Protriptyline 

Difficulty level: Easy 

24 . A26-year-old woman, suffering from cerebral palsy and sei- 
zures secondary to head injury, was seen in a clinic for a 
scheduled visit. She was spastic and unable to walk. Medical 
history indicated that for the month prior to the visit, her 
seizures had not been well controlled. Which of the follow- 
ing drugs would be appropriate to improve her seizure con- 
trol and muscle spasms? 

A. Buspirone 

B. Lithium 
C Donepezil 

D. Haloperidol 

E. Fluoxetine 

F. Diazepam 

Difficulty level: Medium 

25 . A 32-year-old man complained to his physician of attacks of 
intense terror while he was asleep, such as feeling crushed. 
He often woke up screaming but without remembering any 
specific dream. He also felt worried and restless from time to 
time during the day. Which of the following drugs would be 
most likely to provide a short-term decrease in the patient’s 
symptoms? 

A. Lithium 

B. Temazepam 
C Haloperidol 

D. Im ip r amine 

E. Phenobarbital 


Difficulty level: Medium 

26 . A34-year-old woman visited a psychiatrist because of over- 
whelming panic symptoms that occurred “out of the blue.” 
She felt light-headed, dizzy, and feared losing control or 
going crazy. She also felt nausea, a lump in her throat, short- 
ness of breath, and palpitations. These symptoms lasted 
about 30 minutes. The woman had two of these attacks the 
previous month. Two days ago she had started a treatment 
with sertraline prescribed by her family physician, but yester- 
day she suffered another attack. After further clinical assess- 
ment, a preliminary diagnosis was made, and the psychiatrist 
decided to prescribe a drug in addition to sertraline. Which 
of the following would be an appropriate additional drug for 
the patient at this time? 

A. Aripiprazole 

B. Thiopental 
C Buspirone 

D. Alprazolam 

E. Eszopiclone 

Difficulty level: Easy 

27 . A 56-year-old homeless alcoholic man was brought to the 
emergency department by police, who found him wander- 
ing in the street. The man was nauseated, tremulous, and 
hallucinating. He stated he was out of money and unable to 
buy his usual daily amount of whiskey. Which of the follow- 
ing would be an appropriate drug to treat the acute alcohol 
withdrawal of this patient? 

A. Naltrexone 

B. Im ip r amine 
C Haloperidol 

D. Buspirone 

E. Ethanol 

F. Diazepam 

Difficulty level: Easy 

28 . A 57-year-old man complained to his physician that he had 
difficulty in falling asleep. He was a schoolteacher and needed 
a good night’s sleep to perform effectively during the day. 
Zolpidem was prescribed, one tablet at bedtime. The pre- 
scribed drug most likely caused which of the following effects 
on ion conductance of central nervous system neurons? 

A. Decreased Na + conductance 

B. Increased CL conductance 
C Decreased K + conductance 

D. Decreased Ca 2+ conductance 

E. Increased K + conductance 



Difficulty level: Medium 

29. A49-year-old woman complained to her physician that she 
could get to sleep when she went to bed but woke up sev- 
eral times during the night and never felt refreshed in the 
morning. The woman had no medical problems and took no 
medications. Which of the following drugs would be most 
appropriate for this patient? 

A. Flunitrazepam 

B. Buspirone 
C Eszopiclone 

D. Fluoxetine 

E. Haloperidol 

F. Im ip r amine 


Difficulty level: Medium 

30. A 43-year-old man was brought to the emergency depart- 
ment after a car accident. He showed only minor injuries but 
was very anxious and excited. The patient had a history of 
epilepsy and had been stabilized on phenobarbital for several 
years. The attending physician administered a sedative drug 
intravenously. Several minutes later the patient became cya- 
notic and apneic, and his blood pressure was 100/55 mm Hg. 
Which of the following drugs most likely caused these ad- 
verse effects? 

A. Buspirone 

B. Haloperidol 
C Diazepam 

D. Fluoxetine 

E. Thiopental 

F. Chlorpromazine 


Questions: HI-3 General Anesthetics 


Directions for questions 1-5 

Match each general anesthetic with the appropriate description 
(each lettered option can be selected once, more than once, or not 
at all). 

A. Halothane 

B. Sevoflurane 
C Nitrous oxide 

D. Thiopental 

E. Propofol 

F. Etomidate 

G. Ketamine 

H. Midazolam 

I. Fentanyl 

Difficulty level: Easy 

1. A halogenated anesthetic that causes fast induction and 
recovery 

Difficulty level: Easy 

2. A drug that can trigger an attack of acute porphyria in at-risk 
patients 

Difficulty level: Easy 

3. This drug has the highest incidence of postanesthetic nausea 
and vomiting. 


Difficulty level: Easy 

4. This inhaled anesthetic substantially reduces the required con- 
centration of other inhaled anesthetics given concomitantly. 

Difficulty level: Easy 

5. A drug that can cause a cataleptic state called dissociative 
anesthesia 

Difficulty level: Medium 

6. Five new potential inhalational anesthetics (P, Q, R, S, and T) 
were tested in laboratory animals. Some pharmacological 
parameters of each drug are recorded in the table below: 


Drug 

MAC 

Induction 

P 

5.5 

Slow 

Q 

45.2 

Fast 

R 

12.7 

Fast 

S 

0.9 

Slow 

T 

3.2 

Fast 


Abbreviation: MAC, minimum alveolar concentration. 


Which of the following drugs has the highest potency? 

A. Drug P 

B. Drug Q 
C Drug R 

D. Drug S 

E. Drug T 



Difficulty level: Easy 

7. A 59-year-old man underwent surgery to repair an inguinal 
hernia. Lorazepam was administered as preanesthetic med- 
ication. General anesthesia was induced by propofol and 
maintained with halothane and nitrous oxide. Ondansetron 
was also given to prevent vomiting. Fifteen minutes after 
starting the operation, the electrocardiogram monitor showed 
ventricular tachycardia. Which of the drugs most likely 
caused this adverse effect? 

A. Lorazepam 

B. Propofol 

C Nitrous oxide 

D. Halothane 

E. Ondansetron 

Difficulty level: Easy 

8. A 32-year-old man was admitted to the hospital for reduc- 
tion of a dislocated shoulder. Sedation with diazepam was 
supplemented with a 30%concentration of nitrous oxide. 
Which of the following effects most likely occurred after 
nitrous oxide administration? 

A. Excellent skeletal muscle relaxation 

B. Very pronounced analgesia 

C Rapidly achieved unconsciousness 

D. Sharp decrease in blood pressure 

E. Profound respiratory depression 

Difficulty level: Hard 

9 . A 64-year-old man underwent surgery for prostate cancer. 
An intravenous injection of thiopental was administered, 
and the patient lost consciousness in about 10 seconds. 
Which of the following was most likely the major mecha- 
nism of action mediating the anesthetic effect of this drug? 

A. Increased affinity of GABA for GABA a receptors 

B. Enhancement of (3-carboline affinity for GABA a receptors 
C Blockade of NMDA glutamate receptors in the central 

nervous system 

D. Enhancement of Cl - channel opening in the absence of 
GABA 

E. Activation of GABA b receptors on presynaptic terminals 
Difficulty level: Easy 

10 . A34-year-old woman was admitted to the day surgery cen- 
ter for strabismus surgery. This surgery is considered highly 
emetogenic due to a stimulation of the vomiting center 
during the operative manipulation of extraocular muscles. 
Which ofthe following anesthetics would be most appropri- 
ate for this patient? 


A. Ketamine 

B. Halothane 
C Fentanyl 

D. Propofol 

E. Thiopental 

Difficulty level: Easy 

11 . A 52-year-old woman underwent hysterectomy to remove 
an endometrial carcinoma. Anesthesia was induced with 
thiopental and maintained with nitrous oxide and halo- 
thane. Which of the following reasons best explains why 
another anesthetic, in this case halothane, was added to 
nitrous oxide? 

A. To achieve a more complete analgesia 

B. To maintain unconsciousness and muscle relaxation 

C To prevent sensitization of the myocardium to cate- 
cholamines 

D. To prevent anesthesia-induced respiratory depression 

E. To prevent postanesthetic nausea and vomiting 

Difficulty level: Easy 

12 . A 12-year-old boy was admitted to the hospital with the 
admitting diagnosis of acute appendicitis. Family history of 
the patient indicated that his father underwent surgery a few 
years earlier and suffered a serious disorder just after the 
beginning of general anesthesia. Further analysis indicated 
that the disorder was an inherited autosomal dominant dis- 
ease. Because of this, the anesthesiologist avoided the use of 
halogenated anesthetics in this boy. Which ofthe following 
was most likely the disorder suffered by the patient’s father? 

A. Acute intermittent porphyria 

B. Malignant hyperthermia 
C Acute hepatitis 

D. Hemolytic anemia 

E. Myasthenia gravis 

Difficulty level: Easy 

13 . A43-year-old man underwent surgery to remove a prostatic 
cancer. Sevoflurane was used for general anesthesia. The drug 
has a minimum alveolar concentration (MAC) of 2% Which 
of the following best describes the MAC of an inhalational 
anesthetic? 

A. The blood/gas partition coefficient ofthe anesthetic 

B. The concentration of anesthetic needed for short surgery 
C The ED 50 on a conventional quantal dose-response curve 

D. The maximal efficacy of the anesthetic 

E. The concentration of anesthetic in the inspired air 



Difficulty level: Easy 

14 . A48-year-old woman underwent surgery to remove a uter- 
ine myoma. General anesthesia was induced with propofol 
and maintained by sevoflurane and nitrous oxide. The block- 
ade of which of the following receptors most likely mediated 
the effectiveness of nitrous oxide in this patient? 

A. Nm cholinergic 

B. Alpha- 1 adrenergic 
C NMDAglutamatergic 

D. GABAergic 

E. 5-HT 3 serotonergic 

Difficulty level: Medium 

15 . A44-year-old woman underwent surgery because of a pro- 
lapsed intervertebral disk. General anesthesia was induced 
with propofol and maintained with sevoflurane. When ad- 
ministration of sevoflurane was discontinued, the patient 
regained consciousness in a few minutes. Which of the fol- 
lowing statements best explains why anesthetic recovery is 
so rapid when sevoflurane administration is stopped? 

A. It redistributed rapidly to the lipid tissue. 

B. It is rapidly metabolized. 

G It has a low minimum alveolar concentration (MAC) 
value. 

D. Ith as a low blood/gas partition coefficient. 

E. It distributes mainly into the cerebral cortex. 

Difficulty level: Easy 

16 . A 63-year-old woman underwent surgery to remove a vul- 
var cancer. The patient was a heavy smoker and had been 
suffering from chronic obstructive pulmonary disease for 
20 years. General anesthesia was induced with propofol and 
maintained with isoflurane. Which of the following effects 
most likely occurred during surgery? 

A. Decreased cardiac output 

B. Increased ventilatory response to carbon dioxide 
C Bronchodilation 

D. Increased skeletal muscle tone 

E. Increased uterine tone 

Difficulty level: Easy 

17 . A 55-year-old man suffering from chronic heart failure un- 
derwent an exploratory laparotomy because of an abdomi- 
nal swelling. The anesthesia protocol included a drug that 
causes rapid induction, a very rapid rate of recovery, and min- 
imal changes in cardiovascular and respiratory functions. 
Which of the following drugs was most likely administered? 


A. Halothane 

B. Ketamine 
C Propofol 

D. Thiopental 

E. Etomidate 

Difficulty level: Easy 

18 . A4-year-old girl who had been suffering from severe asthma 
for 6 months was scheduled for a short suture procedure 
that was anticipated to take approximately 10 minutes. She 
was brought to the operating room by her parents and was 
in distress over parting from them and afraid of the doctors. 
Which of the following drugs would be appropriate for pro- 
viding sedation and analgesia for this girl? 

A. Ketamine 

B. Thiopental 
C Fentanyl 

D. Halothane 

E. Sevoflurane 

Difficulty level: Medium 

19 . A 52-year-old man underwent liver biopsy for a suspected 
liver cancer. Conscious sedation was induced with a drug 
combination that has the advantage of being reversible by 
the administration of specific receptor antagonists. Which 
of the following pairs of drugs was most likely administered? 

A. Fentanyl and thiopental 

B. Fentanyl and midazolam 
C Fentanyl and ketamine 

D. Thiopental and midazolam 

E. Thiopental and ketamine 

Difficulty level: Medium 

20 . A 57-year-old man was undergoing surgery to remove a 
kidney carcinoma. The anesthesia was induced with propo- 
fol, maintained with halothane, and supplemented by succi- 
nylcholine. A few minutes into the operation, the patient 
exhibited a fever of 104°F (40°C), skeletal muscle contrac- 
ture, and profuse diaphoresis. His blood pressure dropped 
to 80/50 mm Hg, and the heart rate was 125 bpm. Which of 
the following molecular actions best explains the signs and 
symptoms of the patient? 

A. Excessive release of acetylcholine from motor neuron 
terminals 

B. Opening of K + channels in the skeletal muscle membrane 
C Excessive release of Ca 2+ from the sarcoplasmic reticulum 

D. Blockade of Ca 2+ channel in the skeletal muscle 
membrane 

E. Opening of Q" channels in the motor end plate 



Difficulty level: Easy 

21 . A 60-year-old man was about to undergo surgery to remove 
a prostate cancer. The man had been suffering from ischemic 
heart disease for 2 years. The anesthesiologist decided to use 
nitrous oxide and another general anesthetic that causes a 
pronounced increase in coronary blood flow with concomi- 
tant decrease in myocardial oxygen consumption and neg- 
ligible effects on cardiac output. Which of the following 
anesthetics was most likely given with nitrous oxide for an- 
esthesia maintenance? 

A. Halothane 

B. Etomidate 
C Propofol 

D. Isoflurane 

E. Sevoflurane 

Difficulty level: Easy 

22 . A 68-year-old hospitalized woman developed general mal- 
aise, fever (100. 7°F. 38.2°C), nausea and vomiting, jaundice, 
and a skin rash. The woman had undergone surgery 4 days 
earlier to remove a uterine myoma. Emergency lab exams 
showed the following pertinent results: aspartate amino- 
transferase 240 U/L, alkaline phosphatase 380 U/L. The 
patient’s condition rapidly deteriorated, and coma ensued. 
Which of the following drugs most likely caused the pa- 
tient’s syndrome? 

A. Sevoflurane 

B. Halothane 

C Nitrous oxide 

D. Thiopental 

E. Fentanyl 

F. Isoflurane 

Difficulty level: Medium 

23 . A 22-year-old woman was about to undergo surgery to re- 
move a mandibular cancer. The anesthesiologist had decided 
to use nitrous oxide and sevoflurane for anesthesia main- 
tenance. Which of the following would be the minimum 
alveolar concentration of both drugs needed to provide an 
appropriate general anesthesia in this patient? 

A. Nitrous oxide 0.2; sevoflurane 0.3 

B. Nitrous oxide 0.7; sevoflurane 0.6 
C Nitrous oxide 0.4; sevoflurane 0.1 

D. Nitrous oxide 1.0; sevoflurane 1.6 

E. Nitrous oxide 1.0; sevoflurane 0.7 

Difficulty level: Easy 

24 . A 43-year-old woman underwent dilation and curettage 
for abnormal vaginal bleeding. General anesthesia was per- 
formed with thiopental. The patient lost consciousness in 
about 10 seconds and regained it 15 minutes later. Which 


of the following reasons best explains why general anesthe- 
sia induced by a standard dose of thiopental lasts 5 to 15 
minutes? 

A. Slow distribution of the drug into the central nervous 
system (CNS) 

B. Fast elimination of the drug from the body 

C Redistribution of the drug into peripheral tissues 

D. Rapid biotransformation of the drug by the brain 

E. Poor diffusion of the drug into the central neurons 

Difficulty level: Medium 

25 . A 29-year-old woman was admitted to the hospital for di- 
lation and curettage after a spontaneous abortion. General 
anesthesia was induced by propofol. Which of the follow- 
ing drugs would be most appropriately co-injected with 
propofol? 

A. Thiopental 

B. Etomidate 
C Paroxetine 

D. Lidocaine 

E. Diazepam 

Difficulty level: Medium 

26 . An 80-year-old woman underwent surgery to remove a blad- 
der cancer. Medical history indicated that she had been suf- 
fering from gastrointestinal reflux disease presently treated 
with omeprazole. General anesthesia was maintained with 
nitrous oxide and sevoflurane. In this patient, the sum of the 
minimum alveolar concentration (MAC) of the two inhala- 
tional anesthetics needed to obtain surgical anesthesia turned 
out to be 0.7 MAC. In most patients this total is 1.3 MAC. 
Which of the following variables most likely caused the de- 
crease in MAC in this case? 

A. The cancer of the patient 

B. The use of two anesthetics 
C The age of the patient 

D. The addition of nitrous oxide 

E. The use of omeprazole 

Difficulty level: Easy 

27 . A 46-year-old man recently diagnosed with pheochromo- 
cytoma was scheduled for surgery to remove the tumor. He 
had normal pulmonary and renal function, but his blood 
catecholamine levels were substantially elevated. Which of 
the following drugs would be contraindicated for inclusion 
in his anesthetic protocol? 

A. Halothane 

B. Fentanyl 
C Lorazepam 

D. Thiopental 

E. Nitrous oxide 



Difficulty level: Easy 

28 . A 62-year-old man was about to undergo surgery to repair 
a small bowel closed loop obstruction. Which of the follow- 
ing general anesthetics would be contraindicated in this 
patient? 

A. Halothane 

B. Nitrous oxide 
C Thiopental 

D. Propofol 

E. Sevoflurane 

F. Enflurane 

Difficulty level: Easy 

29 . A 61-year-old woman underwent colonoscopy because of 
rectal bleeding. The woman was very afraid ofthe procedure 
and asked for a general anesthesia. Because she had been 
suffering from exertional angina for 7 years, etomidate was 
chosen for anesthesia. Which of the following adverse ef- 
fects would be most likely to occur in this patient during the 
postanesthetic period? 


Questions: IH-4 local Anesthetics 

Directions for questions 1-3 

Match each local anesthetic with the appropriate description 
(each lettered option can be selected once, more than once, or not 
at all). 

A. Benzocaine 

B. Bupivacaine 
C Cocaine 

D. Lidocaine 

E. Prilocaine 

F. Procaine 

G. Tetracaine 

Difficulty level: Easy 

1. An ester-type local anesthetic with a short duration of action 
Difficulty level: Easy 

2 . The most cardiotoxic local anesthetic 
Difficulty level: Easy 

3. An amide-type local anesthetic with a long duration of action 
Difficulty level: Easy 

4 . A 27-year-old woman underwent a minor suture procedure 
for a skin cut on her right leg. A local anesthetic was injected 


A. Nausea and vomiting 

B. Delusions 

C Pronounced respiratory depression 

D. Hypertension 

E. Decreased cardiac output 

Difficulty level: Medium 

30 . A 49-year-old man underwent emergency surgery because 
of multiple fractures due to a car accident. Because the pa- 
tient was experiencing severe pain, fentanyl was given be- 
fore surgery. General anesthesia was induced by propofol and 
maintained by nitrous oxide and isoflurane. Cisatracurium 
was added to ensure a complete muscle relaxation. After the 
operation, the anesthesiologist administered oxygen for five 
minutes before disconnecting the face mask. The procedure 
was performed to prevent an adverse effect of which ofthe 
following drugs? 

A. Isoflurane 

B. Propofol 
C Fentanyl 

D. Nitrous oxide 

E. Cisatracurium 


around the wound to provide regional anesthesia. Blockade of 
which of the following ion channels most likely mediated the 
pharmacological effect of the drug in the patient? 

A. Inactivated, voltage-gated Na + channels 

B. Resting, voltage-gated K + channels 

C. Activated, ligand-gated Ca 2+ channels 

D. Inactivated, ligand-gated K + channels 

E. Resting, ligand-gated Na + channels 

F. Activated, voltage-gated Ca 2+ channels 

Difficulty level: Easy 

5 . A 43-year-old man underwent an emergency minor arm re- 
pair procedure after a car accident. A standard dose of lido- 
caine was administered near the brachialplexus for peripheral 
nerve block. Fifteen minutes later, the anesthesia was still 
incomplete, and another dose of lidocaine was administered. 
Which of the following adverse effects would most likely 
occur after the administration? 

A. Ventricular tachycardia 

B. Abdominal colic 
C Drowsiness 

D. Convulsions 

E. Hypertensive crisis 



Difficulty level: Medium 

6. A 53-year-old man was brought to the emergency depart- 
ment after suffering a hand injury that required immediate 
surgery. Local anesthesia was performed by brachial plexus 
block. The surgeon estimated that the procedure should last 
about 3 hours. Which ofthe following local anesthetics would 
be most appropriate for this patient? 

A. Prilocaine 

B. Procaine 
C Tetracaine 

D. Benzocaine 

E. Cocaine 

Difficulty level: Medium 

7 . A 62-year-old man was undergoing surgery to remove a 
hyperplastic prostate. Spinal anesthesia was performed with 
lidocaine. The p K a of lidocaine is about 7.8. What fraction of 
the drug was most likely lipid soluble in the patient’s cerebro- 
spinal fluid (pH = 7.3)? 

A. 10% 

B. 24% 

C. 50% 

D. 76% 

E. 90% 

Difficulty level: Easy 

8. Anew potential local anesthetic drug was studied in the lab- 
oratory using an isolated nerve fiber preparation. Which of 
the following nerve properties most likely increased when 
the drug was applied to the nerve fiber? 

A. Rate of rise ofthe action potential 

B. Amplitude ofthe action potential 
C Refractory period of the nerve 

D. Conduction velocity of the nerve 

E. Resting potential of the nerve membrane 

Difficulty level: Easy 

9 . A 2-year-old girl was brought to the emergency department 
after cutting herself with a kitchen knife a few minutes ear- 
lier. The fingers were bleeding. Examination revealed two clean 
wounds on the middle and ring fingers of the right hand. The 
doctor decided to suture the wounds under local anesthesia 
using lidocaine without epinephrine. Epinephrine was avoided 
to prevent which of the following possible complications? 

A. Wound infection 

B. Ischemic gangrene 
C Excessive bleeding 

D. Delayed wound repair 

E. Systemic toxicity 


Difficulty level: Medium 

10 . The action of a new potential local anesthetic was studied 
on different isolated nerve fiber preparations. Membrane po- 
tential and conduction velocity of those fibers are reported 
below: 


Nerve 

Membrane 

Conduction 

Fiber 

Potential (mV) 

Velocity (m/sec) 

P 

-90 

9 

Q 

-82 

25 

R 

-45 

2 

S 

-60 

15 

T 

-55 

50 


Which ofthe nerve fibers was likely to be most sensitive to 
the action ofthe new drug? 

A. Fiber P 

B. Fiber Q 
C Fiber R 

D. Fiber S 

E. Fiber T 

Difficulty level: Easy 

11 . A 46-year-old man was in the dentist’s office for a dental 
extraction. A local anesthetic was injected near the mandib- 
ular nerve. Which of the following physiological functions 
was most likely the last to be blocked in that patient? 

A. Motor function 

B. Pain sensation 
C Muscle tone 

D. Touch sensation 

E. Vasomotor function 

Difficulty level: Easy 

12 . A 55-year-old diabetic man was admitted to the emergency 
department with fever (101. 5°F, 38.6°C) and abdominal 
pain. Physical examination disclosed a superficial abscess on 
the right side of the abdomen. A local anesthetic was in- 
jected around the abscess in preparation for surgery. Which 
of the following tissue properties most likely account for the 
slower onset of local anesthetic action in infected tissues? 

A. High levels of drug-metabolizing enzymes 

B. Low vessel density 

C Higher extracellular K + 

D. High levels of para-aminobenzoic acid 

E. Lower extracelluar pH 



Difficulty level: Medium 

13 . A4-day-old boy was brought to the emergency department 
with bluish discoloration of the lips and extremities. He 
was born full term, had no perinatal problems, and weighed 
3.5 kg (7.7 lb). Medical history of the baby disclosed that he 
had undergone a circumcision procedure with local anes- 
thesia the previous day, and cyanosis had begun 1.5 hours 
after the procedure. Lab results showed methemoglobin- 
emia. Which of the following drugs was most likely used for 
local anesthesia? 

A. Lidocaine 

B. Benzocaine 
C Bupivacaine 

D. Prilocaine 

E. Tetracaine 

Difficulty level: Easy 

14 . A 59-year-old man was admitted to the emergency depart- 
ment with extensive burns on his arms and thorax. Pertinent 
plasma levels on admission were K + 6.3 mEq/L Ca 13.0 mg/dL 
creatinine 2.8 mg/dL blood urea nitrogen (BUN) 35 mg/dL. 
An emergency treatment was started that included the ad- 
ministration of a topical local anesthetic on the burned area. 
Which of the following molecular events most likely made 
the nerve membrane more sensitive to the action of the 
local anesthetic in this patient? 

A. Increased extracellular concentration ofCa 2+ 

B. Increased extracellular concentration Na + 

C Decreased extracellular concentration of CL 

D. Increased extracellular concentration of K + 

E. Increased extracellular concentration of Mg 2+ 

Difficulty level: Medium 

15 . A45-year-old woman was undergoing surgery to remove an 
extensive lipoma in her right arm. Her medical history was 
significant for long-term, severe chronic obstructive pulmo- 
nary disease (COPD) due to heavy smoking. Local anesthesia 
with a peripheral nerve block was planned. Which of the 
following local anesthetics would be contraindicated in this 
patient? 

A. Prilocaine 

B. Procaine 
C Tetracaine 

D. Lidocaine 

E. Bupivacaine 

Difficulty level: Easy 

16 . A60-year-old man was scheduled for a lithotripsy to shatter 
a bladder stone. Lumbar epidural anesthesia was selected for 
the procedure. The anticipated duration of the procedure was 


about 20 minutes. Which of the following local anesthetics 
would be most appropriate for this patient? 

A. Cocaine 

B. Benzocaine 
C Bupivacaine 

D. Tetracaine 

E. Lidocaine 

Difficulty level: Medium 

17 . A28-year-old pregnant woman who was near term decided 
to have the delivery under spinal anesthesia. The patient’s past 
history included an anaphylactic reaction 3 years earlier, ap- 
parently due to a sun screen containing para-aminobenzoic 
acid (PABA). Which of the following local anesthetics would 
be appropriate for this patient? 

A. Procaine 

B. Tetracaine 
C Lidocaine 

D. Benzocaine 

E. Cocaine 

Difficulty level: Medium 

18 . A 56-year-old woman, who had been suffering from atrial 
fibrillation for 3 years, was in the dentist’s office for the ap- 
plication of an implant. The dentist was about to initiate 
local anesthesia by injecting a local anesthetic close to the 
mandibular nerve. Which of the following local anesthetic 
preparations would be most appropriate for this patient? 

A. Lidocaine alone 

B. Lidocaine plus epinephrine 

C Bupivacaine plus epinephrine 

D. Benzocaine plus epinephrine 

E. Benzocaine alone 

Difficulty level: Easy 

19 . A 16-year-old boy complained of burning pain due to mul- 
tiple superficial skin abrasions after a motorcycle accident. 
Alocal anesthetic was applied topically to the abraded areas. 
Which of the following local anesthetics would be most ap- 
propriate for this patient? 

A. Benzocaine 

B. Procaine 
G Cocaine 

D. Prilocaine 

E. Bupivacaine 

Difficulty level: Medium 

20 . A 44-year-old woman got a scratch on her arm while work- 
ing at home. She put a cream containing a local anesthetic 
on the wounded area. It is known that on the body, local 



anesthetics can exist either as the uncharged base (non- 
ionized form) or as a cation (ionized form). The ionized form 
most likely mediated which of the following properties of the 
drug? 

A. Tissue redistribution 

B. liver biotransformation 
G Blood-brain crossing 

D. Receptor binding 

E. Half-life 

Difficulty level: Easy 

21. A 56-year-old woman was about to undergo emergency 
minor skin suturing after an accidental self-injury with a 

Questions: HI-5 Skeletal Muscle Relaxant s 

Directions for questions 1-4 

Match each skeletal muscle relaxant with the appropriate de- 
scription (each lettered option can be selected once, more than 
once, or not at all). 

A. Tubocurarine 

B. Cisatracurium 
C Mivacurium 

D. Succinylcholine 

E. Dantrolene 

F. Gabapentin 

G. Diazepam 

H. Tizanidine 

I. Baclofen 

Difficulty level: Easy 

1. An antagonist at Nn acetylcholine receptors in autonomic 
ganglia 

Difficulty level: Easy 

2. An agonist at Nm acetylcholine receptors 
Difficulty level: Easy 

3. Primarily an agonist at a 2 receptors located in the spinal cord. 
Difficulty level: Easy 

4. An anticonvulsant agent that can reduce spasticity in patients 
with multiple sclerosis 

Difficulty level: Easy 

5. A 63-year-old man underwent abdominal surgery for prostate 
cancer. General anesthesia was supplemented with tubocu- 
rarine. Which of the following anatomical structures most 
likely represents the main site of action of the drug for this 
clinical application? 


knife. The woman was agitated and firmly refused any injec- 
tion procedure. Examination of the wound showed a long 
superficial cut of the skin with extensive bleeding. The anes- 
thesiologist chose to apply a solution of a topical anesthetic 
that could also cause local vasoconstriction. Which of the 
following drugs was most likely administered? 

A. Cocaine 

B. Prilocaine 
C Bupivacaine 

D. Tetracaine 

E. Lidocaine 


A. Ganglionic neuron membranes 

B. Adrenal medulla 

C Postjunctional folds of motor end plates 

D. Autonomic cholinergic nerve terminals 

E. Spinal motor neuron membranes 

F. Skeletal muscle cell membranes 

Difficulty level: Easy 

6. A38-year-old patient was admitted to the emergency depart- 
ment with extensive soft tissue burns. He was semiconscious 
and was artificially ventilated. His uncoordinated respiratory 
movements were interfering with the mechanical ventilation. 
Which of the following drugs would most likely be effective 
to decrease the patient’s spontaneous breathing? 

A. Diazepam 

B. Vecuronium 

C Botulinum toxin 

D. Dantrolene 

E. Baclofen 

F. Tizanidine 

Difficulty level: Easy 

7. A 57-year-old woman was admitted semiconscious to the 
emergency department after an accident at home. Artificial 
ventilation was needed, and a drug was given to facilitate in- 
tubation. This drug has the shortest duration of action among 
skeletal muscle relaxants. Which of the following drugs was 
most likely administered? 

A. Succinylcholine 

B. Cisatracurium 
C Dantrolene 

D. Vecuronium 

E. Tubocurarine 

F. Tizanidine 



Difficulty level: Hard 

8. A 49-year-old man diagnosed with inguinal hernia was 
prepared for surgery. Shortly after the initiation of general 
anesthesia with halothane and succinylcholine, the patient 
developed muscle rigidity, tachycardia, labile blood pres- 
sure, profuse diaphoresis, and high fever (104.2°F, 40.1 °C). 
The anesthesia was discontinued at once, and a drug was ad- 
ministered by rapid intravenous push. Which of the follow- 
ing was most likely the mechanism of action of the 
administered drug? 

A. Activation of GABA b receptors in the spinal cord 

B. Blockade of excitatory neurotransmitter release in the 
brain 

C Blockade of Ca 2+ channels in the skeletal muscle mem- 
brane 

D. Blockade of Ca 2+ channels in the sarcoplasmic reticulum 

E. Increased K + conductance in the skeletal muscle mem- 
brane 

Difficulty level: Easy 

9 . A 22-year-old man suffering from strabismus started treat- 
ment with local injections of botulinum toxin into the ex- 
trinsic ocular muscles. Which of the following structures was 
most likely the site of the therapeutic action of the drug? 

A. Nicotinic muscular receptors 

B. Somatic nerve terminals 
C Muscarinic receptors 

D. Autonomic nerve terminals 

E. Nicotinic neuronal receptors 

Difficulty level: Easy 

10 . A 73-year-old man underwent thoracic surgery to remove 
a lung cancer. General anesthesia was supplemented with 
vecuronium. Which of the following molecular actions most 
likely mediated the muscle relaxant effect of this drug? 

A. Stimulation of plasma cholinesterase 

B. Long-lasting activation of postsynaptic Nm receptors 
C Competitive blockade of postsynaptic Nm receptors 

D. Blockade of action potential of the motor nerves 

E. Blockade of Ca 2+ release from the sarcoplasmic reticulum 

F. Competitive blockade ofNn receptors in the brain 

Difficulty level: Medium 

11 . A 61-year-old man underwent surgery for prostate cancer. 
The anesthesia was induced by thiopental and maintained 
by halothane and nitrous oxide. Vecuronium was added to 
ensure adequate muscle relaxation. Which of the following 
was most likely the sequence of the paralysis of skeletal 
muscles induced by vecuronium in this patient? 


A. Eye extrinsic muscles, limb muscles, diaphragm 

B. Limb muscles, diaphragm, eye extrinsic muscles 
C Diaphragm, eye extrinsic muscles, limb muscles 

D. Diaphragm, limb muscles, eye extrinsic muscles 

E. Limb muscles, eye extrinsic muscles, diaphragm 

Difficulty level: Easy 

12 . A 59-year-old woman was undergoing surgery for breast 
cancer. General anesthesia was supplemented with a non- 
depolarizing neuromuscular blocker that has a short duration 
of action and is metabolized by plasma pseudocholinesterase. 
Which of the following drugs was most likely administered? 

A. Succinylcholine 

B. Tubocurarine 
C Vecuronium 

D. Mivacurium 

E. Cisatracurium 

Difficulty level: Easy 

13 . A74-year-old man underwent abdominal surgery to remove 
a colon carcinoma. The patient had severely impaired he- 
patic and renal function, and the anesthesiologist decided to 
supplement general anesthesia with a muscle relaxant that 
is inactivated primarily by a form of spontaneous break- 
down (also known as Hoffmann elimination). Which of the 
following drugs was most likely given? 

A. Succinylcholine 

B. Dantrolene 
C Tubocurarine 

D. Cisatracurium 

E. Mivacurium 

Difficulty level: Medium 

14 . A 65-year-old woman underwent hysterectomy for endo- 
metrial carcinoma. The general anesthesia protocol included 
sodium thiopental, isoflurane, nitrous oxide, and tubocu- 
rarine. The anesthesiologist also administered another drug 
to counteract tubocurarine-induced hypotension. To which 
of the following classes did this drug most likely belong? 

A. (3j agonists 

B. Dj antagonists 

C Muscarinic agonists 

D. Cholinesterase inhibitors 

E. Hj antagonists 

Difficulty level: Easy 

15 . A 66-year-old woman was brought to the emergency de- 
partment following a car accident. Surgery was needed to 
repair a badly damaged leg. Medications of the patient on 
admission were gentamicin and darifenacin for urinary tract 




infection, timolol and latanoprost for glaucoma, and lovas- 
tatin for hypercholesterolemia. General anesthesia was in- 
duced by thiopental sodium, maintained by isoflurane and 
nitrous oxide, and supplemented by vecuronium. Which of 
the following of the patient’s medications most likely en- 
hanced the action of vecuronium? 

A. Gentamicin 

B. Darifenacin 
C Timolol 

D. Latanoprost 

E. Lovastatin 

Difficulty level: Easy 

16 . A 44-year-old man brought to the emergency department 
after a car accident required intubation and mechanical ven- 
tilation. The patient’s history was significant for a genetic 
deficiency of plasma cholinesterase. A muscle relaxant was 
administered intravenously. Which of the following muscle 
relaxants would be contraindicated in this patient? 

A. Tubocurarine 

B. Cisatracurium 
C Baclofen 

D. Mivacurium 

E. Vecuronium 

F. Tizanidine 

Difficulty level: Medium 

17 . A 56-year-old woman was undergoing major surgery to 
remove a breast carcinoma. The woman, who was a heavy 
smoker, had been suffering from chronic obstructive pul- 
monary disease for 15 years. Adrug was administered pre- 
operatively, and the anesthesia was supplemented with 
a skeletal muscle relaxant. Which of the following drugs 
would be contraindicated for this patient? 

A. Tubocurarine 

B. Glycopyrrolate 
C Clonidine 

D. Vecuronium 

E. Cisatracurium 

Difficulty level: Hard 

18 . A 49-year-old woman required intubation and mechanical 
ventilation for management of respiratory failure due to se- 
vere emphysema. The patient was agitated, attempting to sit 
up in bed and reach for the endotracheal tube. Lorazepam 
was given intravenously (IV) for sedation, and the patient 
got drowsy, but motor restlessness was only marginally im- 
proved. An IV muscle relaxant was given. The patient relaxed 
as paralysis developed, but 5 minutes later her heart rate was 
160 bpm. Which of the following drugs most likely caused 
this adverse effect? 


A. Botulinum toxin 

B. Dantrolene 

C Succinylcholine 

D. Tubocurarine 

E. Cisatracurium 

Difficulty level: Easy 

19 . A 57-year-old woman underwent surgery for breast cancer. 
General anesthesia was induced by thiopental, maintained 
by sevoflurane and nitrous oxide, and supplemented with 
a muscle relaxant that causes a long lasting activation of 
Nm receptors. Which of the following drugs was most likely 
administered? 

A. Succinylcholine 

B. Cisatracurium 
C Tubocurarine 

D. Mivacurium 

E. Vecuronium 

F. Baclofen 

Difficulty level: Easy 

20 . A 48-year-old woman underwent heart surgery for place- 
ment of an artificial valve. Anesthesia was induced by thio- 
pental, and a muscle relaxant was then given intravenously 
to facilitate intubation. Soon after the administration of the 
drug, the patient exhibited transient muscle fasciculations 
that progressed to generalized paralysis within 1 minute. 
Which of the following muscle relaxants was most likely 
given? 

A. Cisatracurium 

B. Succinylcholine 
C Dantrolene 

D. Vecuronium 

E. Tubocurarine 

F. Tizanidine 

Difficulty level: Easy 

21 . A 10-year-old boy diagnosed with hereditary spastic parapa- 
resis 2 years ago was treated with several spasmolytic drugs 
with limited success. Recently, the neurologist prescribed 
another spasmolytic agent that acts as an a 2 -receptor ago- 
nist in the spinal cord. Which of the following drugs was 
most likely prescribed? 

A. Diazepam 

B. Baclofen 

G Dantrolene 

D. Mivacurium 

E. Tizanidine 



Difficulty level: Easy 

22. A 54-year-old man who had been suffering from amyo- 
trophic lateral sclerosis for 1 year complained of generalized 
muscle spasms. His physician prescribed diazepam to reduce 
spasticity. Which of the following statements best explains 
the mechanism of the spasmolytic effect of diazepam in this 
patient? 

A. Blockade of calcium release from the sarcoplasmic 
reticulum 

B. Blockade of acetylcholine release from motor nerves 
C Depolarization blockade ofNm receptors 

D. Facilitation of GABA a actions in the spinal cord 

E. Activation of GABA b receptors in the spinal cord 

Difficulty level: Easy 

23. A 67-year-old woman required intubation and mechanical 
ventilation for management of respiratory failure. Vecuro- 
nium was given intravenously to reduce chest wall resis- 
tance and ineffective spontaneous ventilation. Which of the 
following membrane potentials was most likely blocked by 
vecuronium in this patient? 

A. Action potential of motor nerve 

B. Miniature end-plate potential 

C Resting potential of smooth muscle 

D. Action potential of cardiac muscle 

E. Action potential of corticospinal tract 

Difficulty level: Hard 

24. A 40-year-old woman, admitted to the emergency depart- 
ment after a car collision, had multiple surgeries to repair 
her injuries and was placed on mechanical ventilation to as- 
sist respiration. On day 13 she was scheduled for a transe- 
sophageal electrocardiogram (ECG) and was given a muscle 
relaxant intravenously to facilitate the procedure. Soon after- 
ward, the patient suffered cardiac arrest, and cardiopulmo- 
nary resuscitation was performed successfully. The serum 
potassium levels recorded just before the arrest peaked at 
7.3 mEq/L. Which of the following muscle relaxants most 
likely caused the cardiac arrest? 

A. Cisatracurium 

B. Vecuronium 
C Tubocurarine 

D. Dantrolene 

E. Succinylcholine 

Difficulty level: Easy 

25. A40-year-old woman underwent surgery for ovarian cancer. 
She received atropine, loratadine, and morphine as preanes- 
thetic medication. The anesthesia was then performed with 
thiopental, sevoflurane, nitrous oxide, and succinylcholine. 


A few minutes later, the patient developed muscle fascicu- 
lations, trismus, rigidity, tachycardia, and hypotension, and 
her body temperature rose to 103.8°F (39.8°C). Which of the 
following drugs most likely caused the patient’s syndrome? 

A. Atropine 

B. Morphine 
C Loratadine 

D. Succinylcholine 

E. Thiopental 

F. Nitrous oxide 

Difficulty level: Easy 

26. A 43-year-old man complained of generalized muscle sore- 
ness upon recovering from surgery to remove prostate cancer. 
General anesthesia had been performed with thiopental, hal- 
othane,and a skeletal muscle relaxant. Which ofthe following 
muscle relaxants most likely caused the patient’s complaint? 

A. Tubocurarine 

B. Cisatracurium 
C Succinylcholine 

D. Dantrolene 

E. Diazepam 

Difficulty level: Easy 

27. A34-year-old woman suffering from hemifacial spasms started 
treatment with botulinum toxin injected directly into the 
abnormally contracting muscles. Which of the following 
molecular actions most likely mediated the therapeutic ef- 
fect of the drug in the patient’s disorder? 

A. Long-lasting activation of Nm acetylcholine receptors 

B. Inhibition of acetylcholine storage into synaptic vesicles 
C Inhibition of choline acetyltransferase 

D. Inhibition of acetylcholine exocytosis from cholinergic 
terminals 

E. Stimulation of acetylcholinesterase 

F. Opening of Ca 2+ channels in cholinergic terminals 

Difficulty level: Easy 

28. A 64-year-old woman complained to her physician of invol- 
untary blinking and closing ofthe eyes. She noticed that the 
eyelid spasm was made worse by fatigue and anxiety. Fur- 
ther exams led to the diagnosis of benign essential blephar- 
ospasm, and a treatment with local injections of botulinum 
toxin was prescribed. Which of the following adverse effects 
was most likely to occur in this patient? 

A. Retinal detachment 

B. Visual hallucinations 
C Visual loss 

D. Eyelid ptosis 

E. Limb muscle paralysis 



Difficulty level: Easy 

29. A 41 -year-old man suffering from amyotrophic lateral scle- 
rosis presented to his physician with muscle fasciculations, 
limb spasticity, hyperactive deep tendon reflexes, and ex- 
tensor plantar reflexes. Baclofen was prescribed to reduce 
spasticity and cramps. Which of the following actions most 
likely mediated the therapeutic effect of the drug in the pa- 
tient’s disease? 

A. Activation of GABA B receptors in the spinal cord 

B. Blockade ofNm receptors of motor end plates 
C Increased substance P release in the spinal cord 

D. Blockade of Ca 2+ channels in skeletal muscle membranes 

E. Increased K + conductance in skeletal muscle membranes 

Difficulty level: Easy 

30. A48-year-old man presented to his physician complaining of 
intermittent limb muscle spasms. The patient was referred 
to the neurologic clinic, where the diagnosis of stiff man 
syndrome was made. Apharmacotherapy was prescribed to 
improve his muscle spasms. Which of the following drugs 
would be most appropriate for this patient? 

A. Phenobarbital 

B. Baclofen 

C Tubocurarine 

D. Succinylcholine 

E. Chlorpromazine 

F. Mivacurium 


Questions: IH-6 Antiseizure Drugs 

Directions for questions 1-3 

For each numbered item select the one lettered option that is 
most closely associated with it (each lettered option can be se- 
lected once, more than once, or not at all). 

A. Acetazolamide 

B. Carbamazepine 
C Ethosuximide 

D. Felbamate 

E. Gabapentin 

F. Lamotrigine 

G. Levetiracetam 

H. Phenytoin 

I. Tiagabine 

J. Top ir am ate 

K. Valproic acid 
L Zonisamide 


Difficulty level: Medium 

31. A 62-year-old woman underwent surgery to remove an 
ovarian cancer. General anesthesia was induced by thiopen- 
tal, maintained by sevoflurane and nitrous oxide, and supple- 
mented by vecuronium, which is currently one of the most 
commonly used skeletal muscle relaxants during surgery. 
Which of the following is a primary advantage of vecuro- 
nium over tubocurarine? 

A. Avery short duration of action (less than 5 minutes) 

B. Negligible effects on histamine release 
C No fasciculations before paralysis 

D. Lack of effects on the central nervous system 

E. Induction of complete anterograde amnesia 

Difficulty level: Easy 

32. A 79-year-old man underwent surgery to remove a stomach 
cancer. Pertinent laboratory results before surgery were cre- 
atinine 3.5 mg/dL (normal 0. 6-1.2 mg/dL), alanine amino- 
transferase 25 U/L(normal 8-20 U/L), urea nitrogen 65 mg/dL 
(normal 7-18 mg/dL). Diazepam was given the night before 
surgery. The general anesthesia was induced by propofol, 
maintained by sevoflurane and nitrous oxide, and supple- 
mented by cisatracurium. Which of the following was most 
likely the primary reason for the use of cisatracurium in- 
stead of tubocurarine in this patient? 

A. Liver insufficiency 

B. Advanced age 

C Propofol induction 

D. Renal insufficiency 

E. Diazepam administration 


Difficulty level: Easy 

1. This drug is effective in all forms of epilepsy in all age groups. 

Difficulty level: Easy 

2. This drug binds selectively to a synaptic vesicular protein, al- 
tering the synaptic release of glutamate and gamma-amino- 
butyric acid (GABA). 

Difficulty level: Easy 

3. This drug inhibits gamma-aminobutyric acid (GABA) reuptake 
in both neurons and glia, enhancing GABAergic transmission. 



Difficulty level: Easy 

4 . A 28-year-old man was brought to the emergency depart- 
ment because of a generalized tonic-clonic seizure. History 
showed that the man had been suffering from epilepsy since 
childhood, but the seizures were only partially controlled by 
medication. Which of the following pairs of neurotransmit- 
ters are thought to be mainly involved in seizure disorders? 

A. Gamma-aminobutyric acid (GABA) and serotonin 

B. Serotonin and acetylcholine 
C GABA and acetylcholine 

D. Serotonin and glutamate 

E. GABA and glutamate 

F. Acetylcholine and glutamate 

Difficulty level: Easy 

5 . A 37-year-old woman was at a routine neurology clinic visit. 
The woman had a long history of refractory grand mal epi- 
lepsy. She was being treated with several drugs, but with poor 
results. The neurologist decided to prescribe phenytoin. Block- 
ade of which of the following types of ion channels is most 
likely to mediate the therapeutic efficacy of the drug in the 
patient’s disease? 

A. Na + channels in the resting state 

B. Na + channels that open and close at high frequency 

C. Na + channels that open and close at low frequency 

D. K + channels in a resting state 

E. K + channels that open and close at high frequency 

F. K + channels that open and close at low frequency 

Difficulty level: Easy 

6. A 32-year-old woman complained to her physician that two 
breakthrough seizures occurred last week. One month earlier 
the woman was diagnosed with simple partial seizure and 
started treatment with an antiepileptic drug. The physician 
increased the dose of the drug, thinking that the decreased 
effect was most likely because the drug is a potent enzyme 
inducer and can induce its own metabolism. Which of the 
following drugs did the patient most likely take? 

A. Valproic acid 

B. Carbamazepine 
C Lamotrigine 

D. Ethosuximide 

E. Clonazepam 

Difficulty level: Easy 

7 . A 45-year-old man recently diagnosed with partial seizures 
came to his neurologist’s office for a routine visit. The man 
had been receiving an antiseizure drug for the past 3 months. 
An electroencephalogram showed left temporal sharp waves, 
and the neurologist decided to add lamotrigine to the patient’s 


regimen. Arelatively low dose of lamotrigine was prescribed 
because the drug the patient was already taking can inhibit 
the metabolism of lamotrigine. Which of the following was 
most likely that drug? 

A. Phenytoin 

B. Phenobarbital 
C Levetiracetam 

D. Clonazepam 

E. Valproic acid 

F. Gabapentin 

Difficulty level: Easy 

8. A47-year-old woman complained to her physician ofblurred 
and double vision. She had been suffering from a central 
nervous system disorder and had been receiving a drug treat- 
ment for 6 months. Physical examination showed mild hir- 
sutism, broadening of her lips and nose, and thickening and 
bleeding of her gums. Which of the following drugs most 
likely caused these adverse effects? 

A. Lithium 

B. Fluphenazine 
C Fluoxetine 

D. Diazepam 

E. Valproic acid 

F. Gabapentin 

G. Phenytoin 

Difficulty level: Medium 

9 . A26-year-old woman discovered she was unexpectedly preg- 
nant. She had been regularly taking an oral contraceptive 
medication for several years. Two months earlier, she was 
diagnosed with complex partial seizures and started the pre- 
scribed therapy. Which of the following drugs was she most 
likely taking? 

A. Lamotrigine 

B. Valproic acid 
G Clonazepam 

D. Gabapentin 

E. Levetiracetam 

F. Carbamazepine 

Difficulty level: Easy 

10 . A 41-year-old man was admitted to the hospital after he 
suffered a seizure with loss of consciousness while at home. 
Two weeks earlier, the man was involved in a car accident 
and had suffered from a closed head injury. Aneurologic ex- 
amination and an electroencephalogram led to the discovery 
of an epileptic focus in the patient’s temporal lobe. The neu- 
rologist ordered an anticonvulsant drug that most likely acts 
with multiple mechanisms, including blockade ofV-methyl- 
d-aspartate (NMDA) receptor-mediated excitation, blockade 



of T-type Ca 2+ channels in thalamic neurons, and increased 
gamma-aminobutyric acid (GABA) content in the brain. 
Which of the following drugs was most likely prescribed? 

A. Valproic acid 

B. Gabapentin 
C Tiagabine 

D. Levetiracetam 

E. Ethosuximide 

F. Clonazepam 

Difficulty level: Easy 

11 . A 12-year-old boy who was recently diagnosed with absence 
seizures started a therapy with ethosuximide. Which of the 
following molecular actions most likely mediated the thera- 
peutic efficacy of the drug in the patient’s disorder? 

A. Opening of voltage-gated K + channels 

B. Blockade of T-type Ca 2+ channels 

C Blockade of ligand-gated Na + channels 

D. Activation of GABA a receptors 

E. Blockade of NMDA receptors 

F. Activation of 5-HTj receptors 

Difficulty level: Medium 

12 . A 14-month-old baby boy exhibited jerkiness of the upper 
limbs for a few weeks. The jerks never caused him to fall but 
were repeated several dozens of times each day, including 
when falling asleep. An electroencephalogram showed that 
the jerks were combined in all instances with spike waves, 
and that there was an increase ofjerks and spike waves when 
he fell asleep. Which of the following drugs would be most 
appropriate for this boy? 

A. Phenytoin 

B. Carbamazepine 
C Phenobarbital 

D. Valproic acid 

E. Gabapentin 

F. Acetazolamide 

Difficulty level: Medium 

13 . A 54-year-old woman with a previously well-controlled sei- 
zure disorder was brought to the hospital because of re- 
current, generalized tonic-clonic seizures. The patient was 
intubated and mechanically ventilated. She was treated with 
intravenous diazepam and fosphenytoin but continued to 
exhibit intermittent seizures and did not regain conscious- 
ness between them. Adiagnosis ofrefractory status epilepti- 
cus was made. A large dose of which of the following drugs 
would be appropriate to add to the patient’s therapy at this 
time? 


A. Levetiracetam 

B. Carbamazepine 
C Valproic acid 

D. Phenobarbital 

E. Clonazepam 

F. Zonisamide 

Difficulty level: Easy 

14 . A 36-year-old woman recently diagnosed with simple par- 
tial seizures started a therapy with lamotrigine. Which of the 
following adverse effects is most likely to occur during the 
therapy? 

A. Macrocytic anemia 

B. Hallucinations 
C Liver cirrhosis 

D. Pancreatitis 

E. Lupoid syndrome 

F. Erythematous skin rash 

Difficulty level: Medium 

15 . A 35-year-old woman experienced an abrupt onset of uni- 
lateral clonic contractions of her finger that progressively 
involve her hand, then lower and upper arm. History re- 
vealed that she had sustained a brain trauma 5 months ear- 
lier. She was diagnosed with simple partial seizure, and an 
appropriate drug was prescribed. A drug with which of the 
following mechanisms of action would be appropriate for 
the patient’s disease? 

A. Blockade of neuromuscular transmission 

B. Blockade of inactivated K + channels 

C Decreased release of gamma-aminobutyric acid (GABA) 
from nerve terminals 

D. Activation of glutamate receptor in the motor cortex 

E. Blockade of inactivated Na + channels 

Difficulty level: Easy 

16 . A 39-year-old man diagnosed with tonic-clonic seizures 2 
years ago had been receiving a drug that exhibits dose- 
dependent elimination kinetics. Which of the following drugs 
did the patient most likely take? 

A. Valproic acid 

B. Lamotrigine 
C Phenytoin 

D. Topiramate 

E. Carbamazepine 

F. Gabapentin 



Difficulty level: Easy 

17 . A 54-year-old man had been receiving carbamazepine since 
he was diagnosed with complex partial seizures 5 years ear- 
lier. The drug was fully effective in controlling the seizures. 
Blockade of which of the following molecular targets most 
likely mediated the therapeutic effect of the drug in the pa- 
tient’s disease? 

A. Acetylcholine receptors 

B. Glut amate receptors 
C Monoamine receptors 

D. Na + channels 

E. K + channels 

F. Ca 2+ channels 

Difficulty level: Medium 

18 . A 53-year-old man suffering from partial seizures had been 
receiving a high dose of carbamazepine for 6 months. Which 
of the following dose-related adverse effects most likely oc- 
curred during the therapy? 

A. Gingival hyperplasia 

B. Hallucinations 
C Ataxia 

D. Stevens-Johnson syndrome 

E. Heart failure 

F. Dilutional hyponatremia 

Difficulty level: Easy 

19 . A 13-month-old boy was brought to the hospital after hav- 
ing a generalized tonic-clonic convulsion lasting approxi- 
mately 4 minutes. The episode occurred in association with 
an upper respiratory tract infection. On admission his rectal 
temperature was 103°F (39.4°C). The parents reported that 
two similar episodes occurred 8 and 3 months ago, always in 
association with fever. The boy had no history of neurologic 
abnormality, and all laboratory and neurologic findings were 
normal. A presumptive diagnosis was made, and measures 
to reduce his elevated temperature were initiated. The par- 
ents were instructed to give a drug rectally to the boy when- 
ever he had fever. Which of the following anticonvulsant 
drugs would be most appropriate for this boy? 

A. Carbamazepine 

B. Topiramate 
C Diazepam 

D. Ethosuximide 

E. Zonisamide 

F. Fe lb am ate 


Difficulty level: Hard 

20 . A 35-year-old woman, recently diagnosed with simple par- 
tial seizures, started the prescribed therapy. Her past history 
was unremarkable, but her mother was known to suffer from 
acute intermittent porphyria. Which of the following anti- 
convulsant drugs would be appropriate for this patient? 

A. Diazepam 

B. Ethosuximide 
C Valproic acid 

D. Carbamazepine 

E. Phenytoin 

F. Lamotrigine 

Difficulty level: Hard 

21 . An 81 -year-old male resident of a nursing facility recently 
developed a partial seizure disorder secondary to a stroke. 
The man had multiple medical problems, including liver cir- 
rhosis, open-angle glaucoma, type 2 diabetes mellitus, and a 
history of kidney stones. He had been taking multiple medi- 
cations for these conditions. The neurologist ordered a drug 
to treat the patient’s seizure disorder. Which ofthe following 
drugs would be most appropriate for this patient? 

A. Levetiracetam 

B. Phenytoin 

C Carbamazepine 

D. Valproic acid 

E. Topiramate 

F. Zonisamide 

Difficulty level: Medium 

22 . A 12-year-old boy with a long history of Lennox-Gastaut 
syndrome was admitted to the neurologic clinic for evalua- 
tion. In the past, the boy had been treated with several drugs, 
but the response to the antiepileptic therapy was rather 
poor. After a neurologic examination and an electroenceph- 
alogram, the neurologist decided to prescribe an antiepilep- 
tic drug with a broad spectrum of action, including partial, 
tonic-clonic, myoclonic, and atonic seizures, as well as in- 
fantile spasm and Lennox-Gastaut syndrome. Which ofthe 
following drugs was most likely prescribed? 

A. Phenobarbital 

B. Topiramate 
G Tiagabine 

D. Zonisamide 

E. Carbamazepine 

F. Phenytoin 

G. Gabapentin 



Difficulty level: Medium 

23. A 52-year-old man came to his neurologist’s office for a rou- 
tine visit. Medical history revealed that he had a myocardial 
infarction 2 years ago and had been suffering from a third- 
degree atrioventricular block since then. One month ear- 
lier, he was diagnosed with simple partial seizures and was 
prescribed lamotrigine. The seizure attacks were diminished 
but not completely controlled. The neurologist decided to 
discontinue lamotrigine and to start another drug. Which of 
the following drugs would be appropriate for the patient 
at this time? 

A. Ethosuximide 

B. Gabapentin 
C Diazepam 

D. Acetazolamide 

E. Carbamazepine 

F. Phenytoin 

Difficulty level: Medium 

24. A 24-year-old woman with a long history of absence sei- 
zures had been successfully managed with valproic acid for 
the past 5 years. The patient had recently married, and during 
her last office visit she expressed the desire to start a family. 
Which of the following drugs would be most appropriate for 
this patient to substitute for valproic acid therapy? 

A. Carbamazepine 

B. Clonazepam 
C Phenytoin 

D. Ethosuximide 

E. Phenobarbital 

F. Tiagabine 

Difficulty level: Hard 

25. A 45-year-old man visited his physician’s office for consul- 
tation regarding his antimigraine medication. The man had 
a 1 -month history of disabling migraine headaches occur- 
ring two or three times weekly. About 70%of his headache 
attacks had been aborted with one sumatriptan tablet and 
rest. The patient had also been suffering from idiopathic 
second-degree atrioventricular block diagnosed 3 years ago 
and from open-angle glaucoma for 4 years. Which of the fol- 
lowing prophylactic therapies would be appropriate for this 
patient to reduce the frequency of migraine attacks? 

A. Atenolol 

B. Verapamil 

C Amitriptyline 

D. Lamotrigine 

E. Valproic acid 

F. Fe lb am ate 


Difficulty level: Medium 

26. A 44-year-old man complained to his physician of burning 
and tickling in his hands and feet. The man was diagnosed 
with tonic-clonic seizures 3 years earlier and had been re- 
ceiving a high dose of an antiseizure drug since then. Phys- 
ical examination disclosed large inguinal lymph nodes, and 
reflex testing showed a lack of knee and ankle tendon re- 
fle xes. Further lab exams showed megaloblastic anemia. 
Which of the following drugs most likely caused the patient’s 
signs and symptoms? 

A. Gabapentin 

B. Lamotrigine 
C Clonazepam 

D. Phenytoin 

E. Levetiracetam 

F. Tiagabine 

Difficulty level: Medium 

27. A 44-year-old woman complained to her physician of day- 
time sedation and diplopia. The woman had been suffering 
from tonic-clonic seizures for 1 year and had been treated 
with phenytoin. Recently, the neurologist had slightly in- 
creased the dose of the drug because the seizures were not 
completely controlled. The physician told the patient that 
her symptoms were probably due to overdose toxicity of the 
drug. Which of the following statements most likely explains 
the reason for this toxicity? 

A. The woman developed hypersensitivity to the drug. 

B. The first-pass effect of the drug was unexpectedly high. 
C The volume of distribution of the drug is very low. 

D. The clearance of the drug is dose-dependent. 

E. The steady state of the drug was reached too quickly. 

Difficulty level: Hard 

28. A 1 0-year-old girl was brought to the neurology clinic by her 
mother, who reported that her daughter had two tonic- 
clonic seizures in the past 7 days. The girl’s teacher had also 
noted that the girl had four episodes of “staring” in 1 day 
during this same time period. The girl had a history of ab- 
sence seizures for which she had been taking ethosuximide 
for the past 2 months. Which of the following changes in the 
patient’s therapy would be most appropriate at this time? 

A. Discontinue ethosuximide and substitute phenobarbital. 

B. Discontinue ethosuximide and substitute carbamazepine. 
C Increase ethosuximide dose and add diazepam. 

D. Increase ethosuximide dose and add phenobarbital. 

E. Discontinue ethosuximide and substitute valproic acid. 



Difficulty level: Hard 

29. A 15-month-old boy was admitted to the hospital because 
of repeated episodes of powerful contractions of trunk and 
limb muscles that lasted 5 to 10 seconds. These episodes 
occurred in clusters, frequently upon awakening. A brain 
magnetic resonance image showed agenesis of the corpus 
callosum. An appropriate diagnosis was made, and a therapy 
was prescribed. Which of the following drugs would be ap- 
propriate for the treatment of this patient? 

A. Carbamazepine 

B. Ethosuximide 
C Phenytoin 

D. Phenobarbital 

E. Prednisone 

Difficulty level: Hard. 

30 . A50-year-old man complained of occasional episodes of ex- 
cruciating unilateral facial pain that arose near the mouth, 
diffused toward the nostrils and eyes, and seemed to be trig- 
gered by eating or talking. The pain lasted about 1 minute. 
He was referred to a neurologist, who made a presumptive 
diagnosis and ordered an appropriate treatment. Which of 
the following drugs would be appropriate for this patient? 

A. Phenobarbital 

B. Clonazepam 
C Codeine 

D. Diclofenac 

E. Carbamazepine 

Difficulty level: Easy 

31 . A 15-year-old boy was in the neurology clinic for a routine 
visit. Two months earlier, the boy was diagnosed with ab- 
sence seizures and started therapy with ethosuximide. He 
reported that the drug decreased the frequency of his sei- 
zures, but he still had some absence attacks from time to 
time. After further exams, the neurologist decided to add a 
drug that most likely acts by increasing the carbon dioxide 
concentration within brain neurons. Which of the following 
drugs was most likely prescribed? 

A. Ethosuximide 

B. Levetiracetam 
C Tiagabine 

D. Acetazolamide 

E. Zonisamide 

F. Fe lb am ate 


Difficulty level: Easy 

32 . A 10-year-old girl suffering from Lennox-Gastaut syndrome 
recently had felbamate added to her current therapy. Which 
of the following actions on brain receptors most likely me- 
diated the therapeutic effect of the drug in the patient’s 
disorder? 

A. Blockade of GABA a receptors 

B. Activation of GABA b receptors 
C Blockade of 5-HTj receptors 

D. Activation of AMPA receptors 

E. Blockade of NMDA receptors 

F. Activation of 5-HT 3 receptors 

Difficulty level: Medium 

33 . A 64-year-old man was brought to the hospital after two 
consecutive seizures at home. On admission, he was noted to 
be only semiconscious, and shortly after his arrival another 
tonic-clonic seizure began. He was given intravenous loraze- 
pam, and seizure activity ceased 5 minutes after the injec- 
tion was completed. At this time, which of the following 
drugs was most likely administered for prolonged control of 
the patient’s seizures? 

A. Levetiracetam 

B. Tiagabine 

C Ethosuximide 

D. Fosphenytoin 

E. Zonisamide 

F. Felbamate 

Difficulty level: Medium 

34 . A 34-year-old woman complained to her neurologist of a 
pronounced skin rash. Two weeks earlier, the woman had 
been diagnosed with simple partial seizure and started treat- 
ment with lamotrigine. She reported that apparently the 
therapy was effective, as she had not suffered any attacks 
during the treatment. Physical examination showed an ex- 
tensive erythematous rash over her trunk and abdomen. The 
neurologist was certain that the adverse effect was drug- 
related. He decided to substitute the offending drug with 
another agent that most likely acts by blocking both Na + 
channels and Ca 2+ channels on brain neurons. Which of the 
following drugs was most likely prescribed? 

A. Felbamate 

B. Phenobarbital 
C Clonazepam 

D. Zonisamide 

E. Carbamazepine 

F. Levetiracetam 



Difficulty level: Easy 

35 . A 12-year-old girl was admitted to the hospital because of 
vomiting, drowsiness, lethargy, and jaundice of 6 hours’ du- 
ration. The girl had a long history of refractory absence sei- 
zure and had been receiving several drugs over the past 2 
years. She was presently treated with two antiseizure agents 
and had no absence seizures for 5 weeks. Physical examina- 
tion showed a patient in obvious distress with extensive 
jaundice of the skin and sclera. Significant lab results on ad- 
mission were alanine aminotransferase 400 U/L (normal 
10-40 U/L), total bilirubin 20 mg/dL(normal 0.3-1 .0 mg/dL), 
and ammonia 190 pg/dL (normal for children 36-85 pg). 
Which of the following drugs most likely caused the patient’s 
signs and symptoms? 

A. Ethosuximide 

B. Valproic acid 
C Lamotrigine 

D. Levetiracetam 

E. Zonisamide 

F. Clonazepam 

Difficulty level: Easy 

36. A 6-year-old girl was diagnosed with myoclonic seizures. A 
brain magnetic resonance image showed no overt neurologic 
deficit. Her past medical history was negative for epileptic 
seizures. Which ofthe following drugs would be appropriate 
for this patient? 

A. Carbamazepine 

B. Haloperidol 
C Phenobarbital 

D. Phenytoin 

E. Fluoxetine 

F. Clonazepam 

Difficulty level: Easy 

37 . A 44-year-old woman came to her neurologist for a routine 
visit. The patient had a long history ofpoorly controlled sim- 
ple partial seizures. Two months ago, she started therapy 
with valproic acid that was only partially effective. The neu- 
rologist decided to add to the ongoing therapy a recently ap- 
proved drug that most likely acts with a novel mechanism of 
action, a noncompetitive blockade of a-amino-3-hydroxy- 
5-methylisoxazole-4-propionic acid (AMPA) receptors on 
brain neurons. Which of the following drugs was most 
likely prescribed? 

A. Ethosuximide 

B. Gabapentin 
C Diazepam 

D. Perampanel 

E. Lamotrigine 

F. Carbamazepine 


Difficulty level: Easy 

38 . A 37-year-old man recently diagnosed with generalized sei- 
zures started treatment with valproic acid, but 1 month later 
the frequency of seizures was not significantly reduced. His 
neurologist decided to add a second-generation antiepilep- 
tic drug that blocks voltage-gated Na + and Ca 2+ channels and 
may inhibit the synaptic release of glutamate. Which of the 
following drugs was most likely prescribed? 

A. Gabapentin 

B. Lamotrigine 
C Phenobarbital 

D. Diazepam 

E. Ethosuximide 

F. Fe lb am ate 

Difficulty level: Medium 

39 . A 54-year-old man was recently diagnosed with complex 
partial seizure. The patient had been suffering from atrio- 
ventricular block for 1 year and from nephrolithiasis for 
3 years. Which of the following antiepileptic drugs would 
be most appropriate for this patient? 

A. Carbamazepine 

B. Phenytoin 

C Valproic acid 

D. Ethosuximide 

E. Zonisamide 

Difficulty level: Easy 

40 . A 45-year-old man was in the neurology clinic for a routine 
visit. Two months earlier, the man was diagnosed with sim- 
ple partial seizure and started therapy with lamotrigine. He 
reported that the drug was able to decrease the frequency of 
his attacks, but he still had an occasional attack. The neurol- 
ogist decided to add a drug that acts by opening a certain 
family ofpotassium channels on brain neurons. Which ofthe 
following drugs was most likely prescribed? 

A. Levetiracetam 

B. Felbamate 
C Topiramate 

D. Perampanel 

E. Ezogabine 

F. Zonisamide 



Questions: HI-7 Drugs for Degenerative Disorders of the Central Nervous System 


Directions for questions 1-5 

For each numbered item select the one lettered option that is 
most closely associated with it (each lettered option can be se- 
lected once, more than once, or not at all). 

A. Amantadine 

B. Benztropine 
C Bromocriptine 

D. Carbidopa 

E. Donepezil 

F. Entacapone 

G. Levodopa 

H. Memantine 

I. Selegiline 

Difficulty level: Easy 

1. Acentral muscarinic receptor blocker 
Difficulty level: Easy 

2. Acentral acetylcholinesterase inhibitor 
Difficulty level: Easy 

3. An A-methyl-d-aspartate (NMDA) receptor blocker used in 
Alzheimer disease 

Difficulty level: Easy 

4 . A selective monoamine oxygenase B (MAO B) inhibitor 
Difficulty level: Easy 

5 . Aperipheral inhibitor of catechol-O-methyltransferase (COM!) 
Difficulty level: Easy 

6. A 63-year-old man recently diagnosed with Parkinson dis- 
ease started treatment with levodopa/carbidopa. Which ofthe 
following actions most likely mediated the therapeutic effect 
of levodopa in the patient’s disease? 

A. Downregulation of dopaminergic receptors in the 
striatum 

B. Increased synthesis of dopamine in the subthalamic 
nucleus 

C Increased synthesis of dopamine in the striatum 

D. Inhibition ofdopa decarboxylase in the striatum 

E. Inhibition of catechol-O-methyltransferase in the sub- 
stantia nigra 

Difficulty level: Medium 

7 . A 79-year-old man who had been suffering from Parkinson 
disease for 5 years complained of a resting tremor, which 
presently was one of the most debilitating symptoms of his 


disease. His therapy with levodopa/carbidopa had resulted 
in improvement in rigidity, bradykinesia, and posture, as 
well as improvement in the “on-off” effects, but he had ex- 
perienced little if any improvement in tremor. Which of the 
following therapeutic approaches would be appropriate to 
reduce the patient’s tremor? 

A. Decrease the dose of carbidopa. 

B. Substitute levodopa/carbidopa with pramipexole. 

C Add benztropine to the present drug regimen. 

D. Add propranolol to the present drug regimen. 

E. Start brief periods of “drug holidays” during therapy. 

Difficulty level: Easy 

8. A 62-year-old man complained to his physician of facial gri- 
macing, lip smacking, and rocking ofthe trunk that occurred 
1 to 2 hours after taking his prescribed medication. The man, 
who suffered from Parkinson disease, had been receiving 
an antiparkinson drug for 3 years. Which of the following 
drugs most likely caused the adverse effects reported by the 
patient? 

A. Selegiline 

B. Levodopa 
C Entacapone 

D. Amantadine 

E. Benztropine 

Difficulty level: Easy 

9 . A 75-year-old diabetic man with Parkinson disease com- 
plained of worsening of his tremor and rigidity in his arms 
and legs. His Parkinson disease had been responding well to 
a treatment with levodopa/carbidopa and amantadine, and 
his diabetes had been controlled by glyburide and metformin. 
Recently, metoclopramide was prescribed to manage diabetic 
gastroparesis. Which of the following drugs could have trig- 
gered the worsening of symptoms reported by the patient? 

A. Glyburide 

B. Amantadine 
C Carbidopa 

D. Metformin 

E. Metoclopramide 

Difficulty level: Medium 

10 . A53-year-old man complained to his physician ofpersistent 
and annoying salivation. The man, recently diagnosed with 
Parkinson disease, had started treatment with levodopa/ 
carbidopa that significantly improved his motor symptoms. 
The physician decided to include another drug in the treat- 
ment. Which of the following drugs would be appropriate to 
add to the therapy at this time? 




A. Entacapone 

B. Selegiline 

C Benztropine 

D. Pramipexole 

E. Apomorphine 

Difficulty level: Hard 

11 . A 5 1 -year-old woman complained of a resting tremor in her 
left hand, difficulty in writing, and a distressing sensation of 
inner restlessness. After careful neurologic examination, a 
diagnosis was made, and an appropriate therapy was ordered 
that included a drug acting as a partial agonist at dopamine 
D 2 receptors in the brain. Which of the following drugs was 
most likely prescribed? 

A. Pramipexole 

B. Dopamine 
G Clozapine 

D. Levodopa 

E. Ergotamine 

F. Selegiline 

Difficulty level: Medium 

12 . A 67-year-old man presented to the clinic complaining of 
vague chest pains and difficulty in breathing. Medical his- 
tory revealed that the patient had been diagnosed with Par- 
kinson disease 10 years earlier and had been using several 
antiparkinson drugs since then. Physical examination re- 
vealed prominent breath sounds and end-inspiratory crack- 
les, primarily at the lung bases. An x-ray showed extensive 
honeycombing. Adiagnosis ofpulmonary fibrosis was made. 
Which of the following drugs would have been most likely to 
cause the patient’s disorder? 

A. Bromocriptine 

B. Benztropine 
C Selegiline 

D. Amantadine 

E. Levodopa 

F. Entacapone 

Difficulty level: Medium 

13 . A 54-year-old man complained to his physician of difficulty 
in writing, because of unsteadiness in his right hand, and 
of tightness in his arms and legs. These symptoms started 
about 1 week earlier. Physical examination showed a well- 
nourished, anxious patient with a notable lack of normal 
changes in facial expression and with a soft, monotone voice. 
Tremor was present in his hands, and a festinating gait was 
noted. Adiagnosis was made, and a single-agent pharmaco- 
therapy was prescribed. Which of the following drugs would 
be appropriate for this patient? 


A. Carbidopa 

B. Entacapone 
C Benztropine 

D. Pramipexole 

E. Clonazepam 

F. Propranolol 

Difficulty level: Easy 

14 . A63-year-old woman with Parkinson disease had been main- 
tained on levodopa/carbidopa with adjunctive use of a drug 
that acts by reducing central dopamine metabolism. Which 
of the following drugs was most likely the adjunctive drug? 

A. Levodopa 

B. Pramipexole 
G Selegiline 

D. Ph enelzine 

E. Benztropine 

Difficulty level: Medium 

15 . A 57-year-old woman with Parkinson disease complained 
that her tremor had gradually worsened over the past 2 
weeks. She had been taking a levodopa/carbidopa combi- 
nation for 6 months. The neurologist decided to add benz- 
tropine to the therapeutic regimen, and 2 weeks later the 
tremor was well controlled. Which of the following actions 
most likely mediated the reduction in the patient’s tremor? 

A. Inhibition of levodopa metabolism in the striatum 

B. Inhibition of the abnormally high cholinergic tone in the 
striatum 

G Activation of dopaminergic receptors in the striatum 

D. Blockade of adrenoceptors in skeletal muscle 

E. Increased GABAergic activity in the subthalamic nucleus 

Difficulty level: Easy 

16 . A 45-year-old woman complained of blurred vision, dry 
mouth, palpitations, and constipation. The patient was di- 
agnosed with Parkinson disease 4 months earlier and had 
been receiving a levodopa/carbidopa combination since then. 
Recently, her neurologist added a drug to the therapeutic 
regimen because of an increase in the patient’s resting 
tremor. Which of the following drugs most likely caused the 
patient’s symptoms? 

A. Pramipexole 

B. Selegiline 
G Levodopa 

D. Amantadine 

E. Benztropine 

F. Carbidopa 



Difficulty level: Medium 

17 . A 53-year-old diabetic woman complained to her physician 
of a recent appearance of an unpleasant, creeping discom- 
fort in her legs when she was lying down. The sensation 
urged the woman to move about, and walking relieved her 
symptoms. She also complained of difficulty falling asleep 
and interrupted nocturnal sleep. A preliminary diagnosis 
of restless leg syndrome was made, and a therapy was pre- 
scribed. Which of the following drugs would be most appro- 
priate for the patient’s disorder? 

A. Haloperidol 

B. Chlorpromazine 
C Pramipexole 

D. Im ip r amine 

E. Carbidopa 

F. Entacapone 

Difficulty level: Easy 

18 . A 59-year-old woman had been suffering from Parkinson 
disease for 4 years. Her disease was well controlled with a 
therapy that included levodopa/carbidopa. Which of the 
following actions most likely mediated the therapeutic effi- 
cacy of carbidopa in the patient’s disease? 

A. Decreased dopamine metabolism in the striatum 

B. Increased active transport of dopamine into the brain 
C Increased peripheral biotransformation of dopamine 

D. Decreased peripheral biotransformation of levodopa 

E. Decreased levodopa reuptake in the striatum 

Difficulty level: Medium 

19 . A65-year-old man complained to his physician that recently 
he felt increasingly confused at times, often had vivid dreams, 
and sometimes saw strange objects floating in the air. The 
patient, suffering from Parkinson disease, had been receiv- 
ing levodopa/carbidopa for 1 year, and his disease was well 
controlled. Which of the following actions could be imple- 
mented to reduce the occurrence ofthe adverse effects being 
experienced by the patient? 

A. Substitute levodopa with selegiline. 

B. Substitute levodopa with pramipexole. 

C Add benztropine to the present regimen. 

D. Add amantadine to the present regimen. 

E. Add clozapine to the present regimen. 

Difficulty level: Easy 

20 . A 78-year-old woman recently diagnosed with Parkinson 
disease had been receiving levodopa/carbidopa for 3 weeks. 
Which of the following adverse effects could most likely 
occur in this patient? 


A. Blurred vision 

B. Diarrhea 

C Postural hypotension 

D. Bradycardia 

E. Bradykinesia 

Difficulty level: Easy 

21 . A 52-year-old woman with a long history of Parkinson dis- 
ease had been receiving levodopa/carbidopa. Which of the 
following adverse effects of levodopa were most likely re- 
duced by adding carbidopa to the treatment? 

A. Visual hallucinations 

B. Cardiac arrhythmias 
C Nightmares 

D. Dyskinesias 

E. Mood changes 

Difficulty level: Medium 

22 . A 53-year-old woman presented to her physician complain- 
ing of a unilateral resting tremor and slowing down of all 
movements. Her medical history was significant for two 
schizophrenic episodes in her late 40s that were successfully 
treated with haloperidol. On examination she showed cog- 
wheel rigidity. A presumptive diagnosis of parkinsonism 
was made. Which of the following drugs would be contrain- 
dicated for this patient? 

A. Amantadine 

B. Carbidopa 
C Pramipexole 

D. Benztropine 

E. Entacapone 

Difficulty level: Medium 

23 . A 62-year-old woman with Parkinson disease had been re- 
ceiving levodopa/carbidopa combination therapy. Coadmin- 
istration of which of the following drugs would most likely 
increase the availability of levodopa in the patient’s brain? 

A. Haloperidol 

B. Entacapone 
C Benztropine 

D. Pramipexole 

E. Bromocriptine 

Difficulty level: Easy 

24 . A 68-year-old patient was recently diagnosed with Parkin- 
son disease. His medical history included benign prostatic 
hyperplasia for 2 years and chronic constipation for 5 years. 
Which of the following antiparkinson drugs would be con- 
traindicated for this patient? 



A. Levodopa 

B. Benztropine 
C Selegiline 

D. Amantadine 

E. Pramipexole 

F. Entacapone 

Difficulty level: Easy 

25 . A 74-year-old man who had been suffering from Parkinson 
disease for 4 years complained of a purplish red mottling 
of the skin that began on his thighs and spread to his lower 
legs. The eruption appeared 2 weeks after a drug was added 
to his therapeutic regimen. A diagnosis of livedo reticularis 
was made. Which of the following drugs most likely caused 
this skin eruption? 

A. Levodopa 

B. Carbidopa 
C Selegiline 

D. Amantadine 

E. Pramipexole 

F. Benztropine 

Difficulty level: Medium 

26 . A 63-year-old woman complained to her physician of fre- 
quent palpitations. The woman, recently diagnosed with 
Parkinson disease, had been receiving levodopa/carbidopa for 
3 weeks. Subsequent exams led to the diagnosis of sinus 
tachycardia likely due to the antiparkinson therapy. Which of 
the following actions most likely mediate the adverse effect 
reported by the patient? 

A. Activation of cardiac dopamine receptors 

B. Decreased acetylcholine release from cholinergic ter- 
minals 

G Activation of cardiac (3 receptors 

D. Blockade of cardiac M 0 receptors 

E. Increased sympathetic firing from the vasomotor center 
Difficulty level: Easy 

27 . A 72-year-old woman recently diagnosed with Alzheimer 
disease started a pharmacotherapy with donepezil. Which 
of the following sets of adverse effects most likely occurred 
during the first days of treatment? 

A. Hypertension, palpitations 

B. Nausea, vomiting and diarrhea 
C Dry mouth, anhidrosis 

D. Drowsiness, lethargy 

E. Mydriasis, cycloplegia 


Difficulty level: Medium 

28 . A 74-year-old woman presented to her neurologist com- 
plaining of a recent appearance of involuntary, slow move- 
ments involving her trunk and lower extremities. The 
woman, suffering from Parkinson disease, had been receiv- 
ing levodopa/carbidopa for 3 years. Further exams led to the 
diagnosis of levodopa-induced dyskinesias. Which of the fol- 
lowing drugs could be added to the therapy to decrease the 
patient’s dyskinesias? 

A. Selegiline 

B. Entacapone 
C Pramipexole 

D. Amantadine 

E. Phenelzine 

Difficulty level: Medium 

29 . A 78-year-old man had been showing increasing memory 
impairment and recognition deficits over the past 2 years. 
Recently, he became disoriented and confused at night. 
Physical examination revealed an alert person oriented to 
place with no focal neurologic deficits. His physician pre- 
scribed a drug that might help to slow the progression of his 
symptoms. Which ofthe following drugs would be appropri- 
ate for this patient? 

A. Buspirone 

B. Diazepam 

C Rivastigmine 

D. Haloperidol 

E. Physostigmine 

Difficulty level: Medium 

30 . A 64-year-old man with Parkinson disease complained of 
periods of a few minutes of complete immobility, followed 
by a sudden switch to involuntary movements, such as 
twitching, nodding, and jerking. The patient’s current medi- 
cations included levodopa/carbidopa. To reduce these rapid 
fluctuations, the neurologist reduced the daily dose of 
levodopa/carbidopa and added a drug. Which ofthe follow- 
ing drugs was most likely prescribed? 

A. Amantadine 

B. Benztropine 
C Haloperidol 

D. Pramipexole 

E. Fluoxetine 



Difficulty level: Medium 

31 . A 48-year-old woman complained to her physician that the 
drugs she was taking caused a disturbing nausea. Medica- 
tion presently taken by the patient included omeprazole for 
heartburn and ciprofloxacin for a urinary tract infection. 
One week earlier, the woman was diagnosed with Parkin- 
son disease and started an appropriate treatment. The phy- 
sician advised the patient to take the drug in divided doses 

Questions: HI-8 Neuroleptic Drugs 

Directions for questions 1-3 

Match each neuroleptic drug with the appropriate description 
(each lettered option can be selected once, more than once, or not 
at all). 

A. Aripiprazole 

B. Chlorpromazine 
C Clozapine 

D. Fluphenazine 

E. Haloperidol 

F. Risperidone 

G. Thioridazine 

H. Thiotixene 

Difficulty level: Easy 

1. Adrug with high affinity for dopamine D 4 receptors 
Difficulty level: Easy 

2. A phenothiazine that frequently causes extrapyramidal ad- 
verse effects 

Difficulty level: Easy 

3 . Apartial agonist at central dopaminergic receptors 
Difficulty level: Medium 

4 . A44-year-old woman was admitted to the psychiatric hospi- 
tal for the sixth time since the age of 36. She was confused 
and threatening, saying that “the voices are back.” The woman 
had been on antipsychotic therapy for several years, but she 
had stopped her medications 1 month prior to this admis- 
sion. Physical examination showed abnormal involuntary 
movements manifested by tongue protrusion, frequent blink- 
ing, and continuous writhing of her arms and legs. A drug- 
induced primary dysfunction in which of the following brain 
regions was most likely responsible for the patient’s syn- 
drome? 


immediately after meals and said that the effect should sub- 
side in a few days. Which of the following drugs most likely 
caused the patient’s nausea? 

A. Carbidopa 

B. Benztropine 
C Pramipexole 

D. Omeprazole 

E. Ciprofloxacin 


A. Frontal cortex 

B. Vestibular nuclei 

C Mesolimbic pathway 

D. Striatum 

E. Tuberoinfundibular pathway 

F. Cerebellum 

Difficulty level: Easy 

5 . An 82-year-old man who was a resident in a nursing facility 
presented with complete urinary retention. The man had a 
long history of hypertension and prostatic hyperplasia and 
was currently being treated with hydrochlorothiazide, capto- 
pril, and prazosin. Two days earlier, he became agitated and 
hostile, refused to cooperate, and tried to assault other resi- 
dents. He received 50 mg of chlorpromazine intramuscularly 
and a second injection 8 hours later. Which of the follow- 
ing would be the most likely explanation for his urinary 
retention? 

A. Decreased diuresis due to chlorpromazine 

B. Chlorpromazine-induced relaxation of the detrusor muscle 
C Decreased diuresis due to captopril 

D. Prazosin-induced relaxation of the r internal sphincter of 
the bladder 

E. Prazosin-induced relaxation of the prostate capsule 
Difficulty level: Medium 

6. A 34-year-old woman recently diagnosed with undifferenti- 
ated schizophrenia started treatment with haloperidol. Which 
of the patient’s presenting symptoms was most likely best 
controlled after 1 week of therapy? 

A. Social withdrawal 

B. Lack of emotion 
C Low energy 

D. Persecutory delusions 

E. Affective flattening 



Difficulty level: Easy 

7. A 30-year-old man complained of dry mouth, constipation, 
and blurred vision while reading the newspaper. The man, re- 
cently diagnosed with a schizoid disorder, had started treat- 
ment with clozapine 2 weeks previously. Blockade of which 
of the following receptors most likely mediated the adverse 
effects reported by the patient? 

A. 5-HT 0 serotonergic 

B. Alpha- 1 adrenergic 
C H 1 histaminergic 

D. Nm cholinergic 

E. M 3 cholinergic 

Difficulty level: Medium 

8. A 23-year-old healthy volunteer received a new potential 
neuroleptic drug intravenously during a phase I clinical trial. 
It was known that the drug had significant blocking activity 
on dopamine D 2 , histamine H p and serotonin 5-HT 0A recep- 
tors. The volunteer was asked about the subjective symptoms 
he felt during the experiment. Which of the following pairs of 
mental effects were most likely reported by the subject? 

A. Euphoria, increased self-confidence 

B. Increased alertness, rapid flow of thought 

C. Dysphoria, sleepiness 

D. Irritability, restlessness 

E. Delusions, perseverations 

Difficulty level: Hard 

9 . A 17-year-old boy presented with brief episodes of protrud- 
ing tongue, grimacing, and spasmodic torticollis on day 2 
after admission to the psychiatric emergency department. The 
patient was brought there by the police because of assaultive 
behavior toward his mother. He struck her after a heavy 
drinking bout because he thought she was about to kill him 
with a knife. A drug treatment was started to control his as- 
saultive behavior, and he received three intramuscular injec- 
tions over 24 hours. Which of the following drugs most likely 
caused the adverse effects reported by the patient? 

A. Haloperidol 

B. Lorazepam 
C Buspirone 

D. The large dose of ethanol 

E. Fluoxetine 

F. Clozapine 


Difficulty level: Hard 

10 . A 32-year-old woman was brought to the hospital after she 
was found unconscious in a park on a hot summer day. The 
woman had been a resident in a psychiatric unit for the past 
year. She had a history of a chronic mental disorder, but she 
had recently shown improvement in her target symptoms 
and enjoyed outside privileges. She had left the ward to go 
jogging 2 hours before being found in the park. Her rectal 
temperature was 105°F (40.6°C), and a diagnosis of heat 
stroke was made. Which of the following drugs most likely 
contributed to the development of the patient’s heat stroke? 

A. Amitriptyline 

B. Clozapine 
C Buspirone 

D. Diazepam 

E. Lithium 

F. Fluoxetine 

Difficulty level: Medium 

11 . A42-year-old woman who was resident in a psychiatric hos- 
pital for a chronic mental illness had been mute and immo- 
bile for the past week. She actively resisted any attempt to 
be moved. Occasionally, she had brief periods of unprovoked 
agitated and aggressive behavior. Which of the following 
drugs should be avoided in this patient? 

A. Lorazepam 

B. Haloperidol 

C Carbamazepine 

D. Olanzapine 

E. Dantrolene 

F. Valproic acid 

Difficulty level: Medium 

12 . A 28-year-old man found wandering half-dressed in the 
streets complained of hearing voices cursing him, and his 
reported thoughts were bizarre. Upon admission to the psy- 
chiatric ward, his behavior became disruptive. He refused to 
cooperate and started verbal assaults that included threats 
of physical violence. A therapy was planned that include the 
intravenous injection of a drug. Which of the following drugs 
was most likely administered? 

A. Lithium 

B. Im ip r amine 
C Risperidone 

D. Fluoxetine 

E. Zolpidem 

F. Morphine 



Difficulty level: Medium 

13 . A 39-year-old man, a resident in a psychiatric unit because 
of disorganized schizophrenia, presented with profound 
lack of motivation, remarkably blunted affect, paucity of 
speech, and psychomotor retardation. He had been hospital- 
ized three times since his diagnosis, and had been treated 
with haloperidol, chlorpromazine, and risperidone but had 
only a partial response to each medication. Which of the 
following psychotropic drugs would be most appropriate to 
try at this stage? 

A. Fluphenazine 

B. Thioridazine 
C Fluoxetine 

D. Clozapine 

E. Lithium 

Difficulty level: Easy 

14 . A 36-year old man complained to his physician of irritabil- 
ity, apathy, and the appearance of flicking movements of his 
extremities. He was referred to a neurologic clinic, where a 
diagnosis of Huntington chorea was made. Which of the fol- 
lowing drugs would be most appropriate to suppress, at least 
partially, his choreic movements and agitated behavior? 

A. Im ip r amine 

B. Buspirone 
C Trazodone 

D. Lithium 

E. Triazolam 

F. Haloperidol 

Difficulty level: Hard 

15 . A 37-year-old woman was brought to the hospital after as- 
saulting a neighbor. She presented in an acute psychotic 
state and struck two of the psychiatric unit staff members. 
The patient had had generalized tonic-clonic seizures since 
the age of 22, but she had stopped her antiepileptic therapy 

2 months previously because she had been seizure-free for 

3 months. Which of the following pairs of drugs would be an 
appropriate therapeutic regimen for this patient? 

A. Haloperidol and clonazepam 

B. Chlorpromazine and lamotrigine 
C Clozapine and ethosuximide 

D. Thioridazine and ethosuximide 

E. Fluphenazine and gabapentin 

F. Clozapine and clonazepam 


Difficulty level: Medium 

16 . A 29-year-old man was admitted to the psychiatric hospital 
in a paranoid and hostile state. He was diagnosed with 
chronic paranoid schizophrenia at the age of 23 and had 
been rehospitalized four times in the last 2 years, secondary 
to medication noncompliance. His medical work-up and 
urine drug screen were negative. During the last hospital- 
ization, he had been stabilized on fluphenazine without any 
sign of adverse effects. Which of the following treatment 
would be appropriate for this patient? 

A. Intramuscular (IM) thioridazine 

B. Oral haloperidol 

C IM fluphenazine decanoate 

D. Oral risperidone 

E. IM olanzapine 

F. Rectal chlorpromazine 

Difficulty level: Medium 

17 . A 35-year-old man was admitted to a psychiatric hospital 
following a failed suicide attempt. He had a history of mul- 
tiple drug abuse and was in jail for 2 months after wounding 
a relative. The psychiatric interview disclosed a patient with 
persecutory delusions, auditory hallucinations, remarkably 
flat affect, and social withdrawal. A presumptive diagnosis 
was made, and a therapy was prescribed. Which of the fol- 
lowing drugs would be most appropriate for this patient? 

A. Amitriptyline 

B. Lorazepam 
C Fluoxetine 

D. Lithium 

E. Clozapine 

F. Thioridazine 

Difficulty level: Easy 

18 . A 60-year-old man complained to his physician of obstinate 
constipation. The man, recently diagnosed with a schizo- 
affective disorder, had started treatment with olanzapine. 
Blockade of which of the following pairs of receptors most 
likely mediated the adverse effect of the drug? 

A. Nicotinic and dopaminergic 

B. GABAergic and muscarinic 
C Nicotinic and a j 

D. Dopaminergic and a j 

E. Muscarinic and serotonergic 

Difficulty level: Medium 

19 . A28-year-old man recently diagnosed with paranoid schizo- 
phrenia started treatment with aripiprazole. The therapeu- 
tic effect of this drug was most likely mediated by decreased 
dopaminergic transmission in which of the following brain 
structures? 



A. Tuberoinfundibular pathway 

B. Locus ceruleus 

C Mesolimbic mesocortical pathway 

D. Nigrostriatal pathway 

E. Nucleus basalis of Meynert 

Difficulty level: Medium 

20 . A24-year-old woman complained to her physician of amen- 
orrhea of 2 months’ duration and of a white discharge from 
her breasts during the past week. The woman had been on 
haloperidol and paroxetine for 3 months to treat a schizoaf- 
fective disorder. She was medication-compliant, and her ill- 
ness was well controlled. Which of the following mechanisms 
was most likely responsible for the patient’s symptoms? 

A. Blockade of dopamine receptors in the hypothalamus 

B. Increased serotonin availability in the pituitary 
G Increased serotonin availability in the striatum 

D. Blockade of dopamine receptors in the pituitary 

E. Blockade of adrencoceptors in the locus ceruleus 

Difficulty level: Medium 

21 . A34-year-old man, recently diagnosed with paranoid schizo- 
phrenia, became increasingly restless, was unable to sit or 
lie down for more than few minutes, and stated that he 
wanted “to jump out of my skin.” Two weeks earlier, the pa- 
tient had started therapy with fluphenazine. Which of the 
following drug-induced adverse effects did the patient most 
likely exhibit? 

A. Acute dystonia 

B. Complex partial seizure 
C Parkinsonism 

D. Akathisia 

E. Catalonia 

F. Tardive dyskinesia 

Difficulty level: Easy 

22 . A 27-year-old man complained to his physician of feeling 
“real slow” and of a bilateral hand tremor that improved 
when he picked up his coffee cup. The man, suffering from 
paranoid schizophrenia, was currently treated in an out- 
patient program. Physical examination showed cogwheel 
rigidity in both arms, stooped posture, and a shuffling gait. 
Which of the following drugs most likely caused these ad- 
verse effects? 

A. Clozapine 

B. Haloperidol 

C Metoclopramide 

D. Olanzapine 

E. Aripiprazole 


Difficulty level: Hard 

23 . A78-year-old man was admitted to the hospital with multi- 
ple fractures after falling at home. Two days after admission, 
his behavior changed. He accused the staff of torturing him. 
He was not able to recall why he was admitted to the hospi- 
tal, was disoriented to time and place, and tried to pull out 
his intravenous line. His son reported that his father was 
fine before the accident. Which of the following drugs would 
be most appropriate to treat the acute symptoms in this 
patient? 

A. Clozapine 

B. Haloperidol 
C Diazepam 

D. Lithium 

E. Trazodone 

F. Paroxetine 

Difficulty level: Medium 

24 . A 33-year-old woman was brought to the emergency de- 
partment with increased agitation and confusion. Physical 
examination revealed a temperature of 104°F (40°C), pulse 
of 125 bpm, labile blood pressure, profuse diaphoresis, sia- 
lorrhea, and muscle rigidity. The woman, recently diagnosed 
with schizophrenia, had started a therapy a few days previ- 
ously. Which of the following drugs most likely caused the 
patient’s syndrome? 

A. Im ip r amine 

B. Temazepam 
C Haloperidol 

D. Fluoxetine 

E. Lithium 

F. Venlafaxine 

Difficulty level: Medium 

25 . A 62-year-old schizophrenic woman was hospitalized be- 
cause of palpitations and light-headedness of 2 hours’ dura- 
tion. Physical examination showed a patient in moderate 
distress with the following vital signs: blood pressure 1 1 0/85 
mm Hg, heart rate 158 bpm, respiration 20 breaths/min. An 
electrocardiogram disclosed polymorphic ventricular tachy- 
cardia. Upon questioning, the patient admitted she had re- 
cently increased the dosage of her prescribed psychotropic 
drug because of her augmenting agitation. Which of the fol- 
lowing drugs most likely caused the patient’s symptoms and 
signs? 

A. Trazodone 

B. Thioridazine 
C Amitriptyline 

D. Paroxetine 

E. Lithium 

F. Lorazepam 



Difficulty level: Easy 

26. A 5 1 -year-old woman, a resident in a psychiatric unit, com- 
plained about feeling dizzy to the point of fainting upon 
standing up rapidly. The patient was hospitalized because 
over the past 3 months she had become increasingly agi- 
tated and afraid. She was convinced that people near her 
house were devils, plotting about stealing her money and 
cutting her throat. The patient started a psychotropic medi- 
cation 2 weeks previously. Which of the following drugs most 
likely caused the patient’s symptoms? 

A. Haloperidol 

B. Risperidone 
C Amitriptyline 

D. Buspirone 

E. Lithium 

F. Trazodone 

Difficulty level: Medium 

27 . A 34-year-old man complained to his physician that during 
intercourse, erection was difficult to achieve, and ejaculation 
was delayed. The man, recently diagnosed with paranoid 
schizophrenia, was treated initially with haloperidol, but 
he was switched to another drug because of the appearance 
of symptoms of pseudoparkinsonism. Which of the follow- 
ing drugs most likely caused the patient’s symptoms? 

A. Fluphenazine 

B. Amitriptyline 
C Paroxetine 

D. Thioridazine 

E. Fluoxetine 

F. Trazodone 

Difficulty level: Medium 

28 . A 57-year-old man was admitted to the hospital because 
he did not urinate for the past 10 hours. The man was diag- 
nosed with chronic undifferentiated schizophrenia 8 years 
ago and had taken many different antipsychotic drugs since 
then. Recently, insomnia became a problem, and his psychi- 
atrist decided to change the therapy. One week ago, the man 
was diagnosed with prostatic hyperplasia and was sched- 
uled for surgery. Which of the following drugs most likely 
contributed to the patient’s acute urinary retention? 


A. Fluphenazine 

B. Haloperidol 
C Olanzapine 

D. Venlafaxine 

E. Benztropine 

F. Amitriptyline 

Difficulty level: Easy 

29 . A 29-year-old man complained to his psychiatrist of abnor- 
mal growth of his breast. The man had been receiving a psy- 
chotropic drug for 6 months to treat paranoid schizophrenia. 
He was medication-compliant, and his illness was well con- 
trolled. Which of the following drugs most likely caused the 
adverse effect reported by the patient? 

A. Clozapine 

B. Amitriptyline 
C Haloperidol 

D. Venlafaxine 

E. Diazepam 

F. Fluoxetine 

Difficulty level: Medium 

30 . A 41-year-old man was admitted to a psychiatric hospital 
because ofworsening ofhis psychosis. The man was recently 
diagnosed with paranoid schizophrenia and had been 
treated with risperidone and aripiprazole without success. A 
new treatment was started. One week later, a blood test gave 
the following results: 

• White blood cell count: 1200/mm 3 (normal4500-l 1 ,000/ 
mm 3 ) 

• Neutrophils 12%(normal 54-62°/^ 

• Red blood cell count: 4.3 million/mm 3 (normal 4. 0-5. 5 
million/mm 3 ) 

• Platelet count: 145,000/mm 3 (normal 150,000-400,000/ 
mm 3 ) 

• Hemoglobin (Hb): 1 5 g/dL(normal >12 g/dL) 

Which of the following drugs did the patient most likely 
receive as the new treatment? 

A. Clozapine 

B. Fluphenazine 
C Haloperidol 

D. Chlorpromazine 

E. Diazepam 

F. Fluoxetine 



Questions: HI-9 Drugs for Depressive and Anxiety Disorders 


Directions for questions 1-5 

Match each drug with the appropriate description (each lettered 
option can be selected once, more than once, or not at all). 

A. Amitriptyline 

B. Bupropion 
C Citalopram 

D. Fluoxetine 

E. Mirtazapine 

F. Phenelzine 

G. Selegiline 

H. Trazodone 

I. Venlafaxine 

Difficulty level: Easy 

1. Adrug with pronounced anticholinergic properties 
Difficulty level: Easy 

2. Anonselective monoamine oxidase inhibitor 
Difficulty level: Easy 

3. An active metabolite of this drug has a half-life of about 10 
days. 

Difficulty level: Easy 

4 . This drug can prolong the electrocardiogram QT interval. 
Difficulty level: Easy 

5 . A serotonin 5-HT 0A presynaptic receptor blocker 
Difficulty level: Medium 

6. A43-year-old man recently diagnosed with major depressive 
disorder started a pharmacotherapy with an antidepressant 
drug. Which of the following is most likely the common mech- 
anism underlying the therapeutic effectiveness of long-term 
therapy with most antidepressants drugs? 

A. Inhibition of central monoamine metabolism 

B. Upregulation of central postsynaptic adrenoceptors 

C Increased expression of brain-derived neurotrophic factor 

D. Decreased hippocampal neurogenesis 

E. Increased glutamatergic transmission 


Difficulty level: Medium 

7. A 55-year-old man suffering from severe depression was 
brought to the emergency department after an overdose of 
an unknown medication. Physical examination showed a le- 
thargic patient with dilated pupils. Vital signs were blood pres- 
sure 95/55 mm Hg, heart rate 130 bpm, respirations 10/min. 
An electrocardiogram (ECG) showed tachycardia with wide 
QRS complex. Which ofthe following drugs most likely caused 
the patient’s signs and symptoms? 

A. Sertraline 

B. Lithium 

C Bupropion 

D. Ph enelzine 

E. Amitriptyline 

F. Clonazepam 

Difficulty level: Medium 

8. A45-year-old woman complained of dizziness to the point of 
fainting upon standing. She also felt drowsy for most of the 
day. The patient had been admitted to a hospital psychiatric 
unit 2 weeks earlier because of her third episode of major de- 
pressive disorder. She had been receiving an antidepressant 
therapy for the past 10 days. Which of the following drugs 
most likely caused the patient’s symptoms? 

A. Bupropion 

B. Mirtazapine 
C Amitriptyline 

D. Paroxetine 

E. Venlafaxine 

F. Lithium 

Difficulty level: Medium 

9 . A48-year-old man recently diagnosed with generalized anxi- 
ety disorder started an appropriate therapy with a drug that 
acts by increasing the availability of both norepinephrine 
and serotonin in the synaptic cleft of central nervous system 
neurons. Which of the following drugs was most likely 
prescribed? 

A. Amitriptyline 

B. Citalopram 
C Venlafaxine 

D. Lorazepam 

E. Bupropion 

F. Trazodone 



Difficulty level: Easy 

10 . A 33-year-old woman visited a psychiatrist for what she 
described as a very disturbing problem. The woman, who 
delivered a healthy boy 1 month earlier, was distraught by 
recurrent intrusive thoughts about stabbing her baby. After 
further questioning, the psychiatrist made a preliminary di- 
agnosis and prescribed cognitive behavioral therapy and a 
pharmacotherapy. A drug with which of the following mo- 
lecular mechanisms of action would be appropriate for this 
patient? 

A. Inhibition of monoamine oxidase A 

B. Blockade of serotonergic receptors 
C Inhibition of serotonin transporter 

D. Blockade of (3 receptors 

E. Inhibition of norepinephrine transporter 

Difficulty level: Hard 

11 . A 75-year-old woman recently diagnosed with pancreatic 
cancer was sent by her family physician to a psychiatrist be- 
cause she complained of significant weight loss, forgetful- 
ness, initial insomnia, and sadness. She also reported that 
she was discouraged, fearful, and very anxious and that some- 
times she experienced sweating with a racing heart. The 
woman had been suffering from paroxysmal atrial tachycar- 
dia for 5 years. Considering the clinical picture and side ef- 
fect profiles, which of the following would be an appropriate 
therapeutic regimen for addressing these complaints? 

A. Imipramine and chlorpromazine 

B. Amitriptyline and bupropion 
C Paroxetine and zaleplon 

D. Haloperidol and buspirone 

E. Fluphenazine and lithium 

Difficulty level: Medium 

12 . A 54-year-old woman complained to her physician of dizzi- 
ness and vertigo when standing up rapidly. She had a long 
history ofrecurrent major depressive disorder and had taken 
various antidepressant drugs over the past several years. 
Recently, her psychiatrist decided to prescribe imipramine. 
Which of the following receptors most likely mediated the 
adverse effects of the drug in this patient? 

A. Beta-1 adrenergic 

B. 5-HT 3 serotonergic 
C Mj cholinergic 

D. Alpha- 1 adrenergic 

E. H 1 histaminergic 

F. Nn cholinergic 


Difficulty level: Hard 

13 . A 25-year-old woman visited a psychiatrist because she felt 
very anxious when she had to eat or drink in public. She ac- 
knowledged that her ideas of being watched by others were 
irrational, but she could not get beyond them. She also real- 
ized that alcohol helped her cope with her anxiety, and she 
had started drinking two or three glasses of brandy every 
day. After further questioning, a preliminary diagnosis was 
made, and cognitive behavioral therapy was prescribed, to- 
gether with a pharmacological treatment. Which of the fol- 
lowing drugs would be appropriate for this patient? 

A. Diazepam 

B. Zolpidem 
C Bupropion 

D. Haloperidol 

E. Paroxetine 

F. Fluphenazine 

Difficulty level: Medium 

14 . A 56-year-old woman with a long history of major depres- 
sive disorder was brought unconscious to the emergency 
department after her husband discovered she had taken sev- 
eral pills of amitriptyline in a suicide attempt. Which of the 
following symptoms did the patient most likely show? 

A. Bradycardia 

B. Pale skin 

C Fecal incontinence 

D. Hyperpnea 

E. Hypertension 

F. Mydriasis 

Difficulty level: Easy 

15 . A 52-year-old woman complained to her physician that the 
drug she was taking caused diarrhea. The woman, recently 
diagnosed with social anxiety disorder, had started a ther- 
apy with paroxetine 2 week earlier. Which of the following 
molecular actions in the enteric nervous system most likely 
mediated the adverse effect of this drug? 

A. Blockade of M 3 receptors 

B. Increased serotonergic activity 
G Activation of (3 0 receptors 

D. Increased adrenergic activity 

E. Decreased histaminergic activity 

F. Activation of GABA a receptors 

Difficulty level: Medium 

16 . A37-year-old man complained to his physician ofpersistent, 
intolerable pain in his left leg that started about 2 days ear- 
lier. He reported that he had tried several over-the-counter 
pain medications without success. One month earlier, the 




patient underwent the amputation of his left leg following 
an accident at work. Physical examination revealed that pain 
could be elicited by a nonnoxious stimulus applied to the 
region of amputation. The physician made a preliminary di- 
agnosis and prescribed a drug for pain. Which of the follow- 
ing drugs would be appropriate for this patient? 

A. Phenobarbital 

B. Acetaminophen 
C Clozapine 

D. Venlafaxine 

E. Diazepam 

F. lithium 

Difficulty level: Medium 

17 . A 41-year-old man recently diagnosed with major depres- 
sive disorder complained to his psychiatrist that he felt 
drowsy for most of the day. The patient had started a treat- 
ment with paroxetine 2 months earlier, but his depressive 
symptoms were minimally improved. One week ago, his psy- 
chiatrist decided to shift to another antidepressant and pre- 
scribed a drug that acts by increasing the availability of both 
norepinephrine and serotonin in the synaptic cleft of central 
nervous system neurons. Which of the following drugs was 
most likely prescribed? 

A. Amitriptyline 

B. Trazodone 
C Bupropion 

D. Citalopram 

E. Sertraline 

Difficulty level: Medium 

18 . A43-year-old man went to his physician complaining of dif- 
ficulty in maintaining an erection during intercourse. Past 
history of the patient was significant for an episode of ven- 
tricular tachycardia 1 year earlier. He was recently diagnosed 
with major depressive disorder and started a drug treatment 
2 weeks ago. Which ofthe following drugs most likely caused 
the symptom reported by the patient? 

A. Lithium 

B. Amitriptyline 
C Fluoxetine 

D. Chlorpromazine 

E. Bupropion 

F. Mirtazapine 

Difficulty level: Medium 

19 . A 53-year-old woman with a long history of depression was 
admitted to the hospital because of agitation, insomnia, and 
tremors. She had been taking fluoxetine, lorazepam, and 
mirtazapine for several months. The doses of fluoxetine and 
mirtazapine had just been increased. Physical examination 


showed a confused patient with hyperhidrosis, hyperre- 
flexia, and myoclonus but without focal neurologic deficits. 
Vital signs were blood pressure 105/60 mm Hg, heart rate 
130 bpm, respirations 32/min,’ body temperature 103. 8°F 
(39.8°C). Qualitative plasma tests for alcohol, opioids, ben- 
zodiazepines, and tricyclic antidepressants were negative. 
An electrocardiogram indicated sinus tachycardia. A brain 
computed tomography scan was normal. Which of the fol- 
lowing disorders most likely caused the patient’s signs and 
symptoms? 

A. Selective serotonin reuptake inhibitor (SSRI) discontin- 
uation syndrome 

B. Mirtazapine overdose 
C Serotonin syndrome 

D. Brain glioblastoma 

E. Benzodiazepine abstinence syndrome 

F. Cerebral hemorrhage 

Difficulty level: Medium 

20 . A 48-year-old woman visited a psychiatrist because for the 
past 2 months she had been depressed and was not inter- 
ested in any of her usual activities, nor did she find anything 
enjoyable. She was also worried and anxious and felt very 
sleepy nearly every day. Her medical history was significant 
for exertional angina for the past 5 years. The psychiatrist 
made a preliminary diagnosis of major depressive disorder 
and prescribed cognitive behavioral therapy and a drug treat- 
ment. Which of the following drugs would be appropriate 
for this patient? 

A. Amitriptyline 

B. Fluoxetine 
C Trazodone 

D. Mirtazapine 

E. Lithium 

F. Haloperidol 

Difficulty level: Easy 

21 . A 34-year-old man suffering from a major depressive disor- 
der had started a therapy with paroxetine, but 1 month later 
his symptoms were minimally improved, and his psychia- 
trist decided to add a drug to the treatment. The prescribed 
drug has a complex molecular mechanism of action that in- 
cludes a blockade of presynaptic a 0 receptors. Which of the 
following drugs was most likely given? 

A. Amitriptyline 

B. Clonidine 
C Bupropion 

D. Mirtazapine 

E. Venlafaxine 

F. Trazodone 



Difficulty level: Medium 

22 . A 61 -year-old woman came to her psychiatrist’s office for a 
routine visit. She stated that the drug she was taking im- 
proved her depressed mood, but that she was still suffering 
from sadness and fatigue from time to time and from heavy 
drowsiness, nearly every day. The woman, recently diag- 
nosed with major depressive disorder, had started fluoxetine 
1 month earlier. After further questioning, the psychiatrist 
decided to add to the therapy a drug that is thought to act by 
decreasing reuptake of both norepinephrine and dopamine 
by brain neurons. Which of the following drugs was most 
likely prescribed? 

A. Bupropion 

B. Methylphenidate 
C Lamotrigine 

D. Aripiprazole 

E. Lithium 

Difficulty level: Hard 

23 . A36-year-old woman presented at an outpatient psychiatric 
clinic complaining of extreme lethargy and depressed mood 
more days than not, for the past 5 weeks. On interview she 
also reported an intense fear of being in confined spaces, and 
she carefully avoided elevators and traveling by airplane. Her 
psychiatric history indicated two similar episodes in the 
past, treated, respectively, with fluoxetine and venlafaxine, 
but with negligible results. After further questioning, a diag- 
nosis of depression with atypical features was made. Adrug 
was prescribed that acts by inactivating enzymes involved in 
neurotransmitter metabolism. Which of the following drugs 
was most likely prescribed? 

A. Phenelzine 

B. Entacapone 
C Fluoxetine 

D. Amitriptyline 

E. Citalopram 

Difficulty level: Medium 

24 . A22-year-old man was sent by his physician to a psychiatrist 
because of the onset of a distressing and embarrassing be- 
havior. For the previous 3 months, the man had being expe- 
riencing an irresistible urge to disinfect any object in his 
room and to wash his hands again and again. He was dis- 
turbed by the unreasonable amount of time spent on such 
activities, and he acknowledged that his behavior was totally 
inappropriate, but he felt he could not stop it. He denied 
any substance abuse or use of medications. The psychiatrist 
made a preliminary diagnosis and prescribed cognitive be- 
havioral therapy and a drug treatment. Which of the follow- 
ing drugs would be most appropriate for this patient? 


A. Amitriptyline 

B. Fithium 

C Fluoxetine 

D. Haloperidol 

E. Diazepam 

F. Clozapine 

Difficulty level: Easy 

25 . A 56-year-old man complained to his physician that he felt 
like he had the flu. He was dizzy, shivering, very irritable, 
anxious, and nauseated. The man was suffering from a major 
depressive disorder and had taken paroxetine for 4 months, 
but 3 days ago he decided to stop the drug, as his depression 
had been in full remission for the past month. Medical his- 
tory of the patient was significant for hypertension, pres- 
ently treated with losartan and hydrochlorothiazide. Which 
of the following disorders best explains the syndrome re- 
ported by the patient? 

A. Acute depressive relapse 

B. Selective serotonin reuptake inhibitor discontinuation 
syndrome 

C Poorly controlled hypertension 

D. Paroxetine-losartan interaction 

E. Serotonin syndrome 

F. Paroxetine-hydrochlorotiazide interaction 
Difficulty level: Hard 

26 . A 54-year-old man was admitted to the hospital because 
of generalized shaking, jerking movements of the limbs, 
twitching of the jaw, and clenching of the teeth. The patient 
had been suffering from gastrointestinal reflux disease for 
2 years. Four months ago, he was diagnosed with an obses- 
sive-compulsive disorder and started cognitive behavioral 
therapy and a pharmacological treatment. Three hours be- 
fore admission, he took a tablet of metoclopramide given to 
him by a friend to decrease his heartburn. Which of the fol- 
lowing drugs most likely interacted with metoclopramide, 
thus triggering the adverse effects reported by the patient? 

A. Amitriptyline 

B. Fithium 
C Zolpidem 

D. Paroxetine 

E. Bupropion 

F. Buspirone 

Difficulty level: Hard 

27 . A 25-year-old woman was admitted to the emergency de- 
partment because of sudden onset of chest pain, difficulty in 
breathing, dizziness, and nausea. She described feeling “as if 
my head is going off in space and I am outside my body.” She 




stated that she had been under extreme stress lately, work- 
ing too much, and that a similar episode had occurred, “out 
of the blue,” 1 month ago. Physical examination and labora- 
tory analyses revealed no abnormalities. Aprelim inary diag- 
nosis was made, and an appropriate therapy was prescribed. 
Which of the following drugs would be appropriate for this 
patient? 

A. Zolpidem 

B. Ethosuximide 
C Clozapine 

D. Haloperidol 

E. Sertraline 

F. Pramipexole 

Difficulty level: Medium 

28 . A 17-year-old girl was admitted to an eating disorder clinic 
with a 3-month history of binge eating and vomiting and 
purging episodes occurring from twice per week to four 
times a day. After physical examination and lab tests, psy- 
chotherapy and a drug treatment were prescribed. Which of 
the following drugs would be appropriate for this patient? 

A. Fluoxetine 

B. Diazepam 

G Phenobarbital 

D. Haloperidol 

E. Clozapine 

F. Lithium 

Difficulty level: Medium 

29 . A38-year-old man complained to his physician that the drug 
he was taking was effective in relieving his anxiety but caused 
a disturbing adverse effect. The patient had been recently 
diagnosed with a social anxiety disorder and started treat- 
ment with venlafaxine 2 weeks ago. Which of the following 
adverse effects did the patient most likely experience? 

A. Obstinate constipation 

B. Negligible orgasm during intercourse 
C Urge urinary incontinence 

D. Dizziness and vertigo upon standing 

E. Dry mouth, most of the day 

F. Difficulty in near vision 

Difficulty level: Hard 

30 . A54-year-old man was admitted to the hospital with severe 
lower abdominal discomfort and complete inability to uri- 
nate for the past 6 hours. The man reported that he needed 


to urinate 5 to 7 times during the previous night. Past history 
of the patient was significant for hypertension, insomnia, 
and chronic lower back pain, as well as for recently diag- 
nosed depression. Present medications included lovastatin, 
losartan, hydrochlorothiazide, amitriptyline, and lorazepam. 
Which of the drugs most likely triggered the patient’s anuria? 

A. Losartan 

B. Lovastatin 

C Hydrochlorotiazide 

D. Amitriptyline 

E. Lorazepam 

Difficulty level: Easy 

31 . A 67-year-old woman complained to her psychiatrist that 
the drug she was taking did not improve her depressed 
mood at all. Three months earlier, the woman had suffered a 
myocardial infarction, and she had been suffering from a 
second-degree atrioventricular block since then. Eight days 
ago, she was diagnosed with a depressive disorder and 
started an appropriate treatment. The psychiatrist advised 
the patient to continue the treatment, explaining that the 
therapeutic effects of the prescribed drug usually take 2 to 
3 weeks or more to become evident. Which of the following 
drugs was the patient most likely taking? 

A. Amitriptyline 

B. Paroxetine 
C Bupropion 

D. Ph enelzine 

E. Diazepam 

Difficulty level: Medium 

32 . A21-year-old man was brought semiconscious to the emer- 
gency department after he jumped out of a window in a sui- 
cide attempt. History revealed that the patient was suffering 
from Hodgkin lymphoma and had been receiving the third 
cycle of chemotherapy. One month earlier, he was diagnosed 
with a depressive disorder and had been taking an appropri- 
ate pharmacotherapy since then. Which of the following 
drugs taken by the patient would be most likely to have in- 
creased his risk of suicide? 

A. Zolpidem 

B. Doxorubicin 
C Bleomycin 

D. Vinblastine 

E. Fluoxetine 

F. Dacarbazine 



Questions: IE-10 Drugs for Bipolar Disorders 


Directions for questions 1-4 

Match each drug used in bipolar disorder with the appropriate 
description (each lettered option can be selected once, more than 
once, or not at all). 

A. Aripiprazole 

B. Carbamazepine 
C Lamotrigine 

D. Lithium 

E. Quetiapine 

F. Risperidone 

G. Valproic acid 

Difficulty level: Easy 

1. A dopaminergic receptor partial agonist effective in bipolar 
disorders 

Difficulty level: Easy 

2. This drug can increase the risk of spina bifida in the newborn 
when given during pregnancy. 

Difficulty level: Easy 

3 . This drug is effective for the treatment of both acute mania 
and all types of epilepsy. 

Difficulty level: Easy 

4 . The hepatic clearance of this drug is zero. 

Difficulty level: Medium 

5 . A45-year-old man with a long history ofbipolar disorder had 
been stable on a maintenance lithium treatment for the past 
year. Which of the following best describes a current work- 
ing hypothesis about the molecular mechanism of action of 
lithium? 

A. Increased synthesis of adenylyl cyclase 

B. Increased synthesis of inositol monophosphatase 

C Increased serotonin reuptake into serotonergic terminals 

D. Upregulated (3-adrenoceptors 

E. Decreased synthesis of inositol triphosphate (IP 3 ) and di- 
acylglycerol (DAG) 

F. Increased glutamatergic activity 

Difficulty level: Medium 

6. A68-year-old man was admitted to a psychiatric hospital be- 
cause of depression, hopelessness about his condition, sleep 
disturbances, and poor appetite. He had a long history of pre- 
vious hospitalizations for manic or depressive episodes and 
had experienced five mood swings in the past year, includ- 
ing episodes of depression and hypomania. Despite adequate 


plasma levels, he had not responded to lithium. Which of the 
following drugs would be appropriate for the patient at this 
time? 

A. Haloperidol 

B. Bupropion 

C Fluphenazine 

D. Quetiapine 

E. Diazepam 

F. Amitriptyline 

Difficulty level: Easy 

7 . A 34-year-old man was admitted to a psychiatric hospital 
during an acute manic attack. The man had his first manic 
attack at the age of 27 and had had three other manic attacks 
since then. Adiagnosis of acute mania was made, and a ther- 
apy was prescribed that included a drug that acts by blocking 
D 2 and 5-HT 0 receptors in the brain. Which of the following 
drugs was most likely prescribed? 

A. Lamotrigine 

B. Clomipramine 

C. Valproic acid 

D. Olanzapine 

E. Lithium 

F. Trazodone 

Difficulty level: Medium 

8. A 36-year-old woman complained to her physician that she 
felt tired, suffered from constipation, and had gained weight 
in recent weeks. She also complained of feeling cold and of 
absence of menses during the last 3 months. The woman had 
been suffering from a bipolar disorder and had been main- 
tained successfully on lithium therapy for 1 year. In addition 
to lithium, her present medication included cimetidine for du- 
odenal ulcer and loratadine for hay fever. Which of the follow- 
ing was the most likely cause of the patient’s symptoms? 

A. Lithium -induced hypothyroidism 

B. Cimetidine-induced decrease in lithium metabolism 
C Adverse effects of cimetidine 

D. Central depressant effects of loratadine 

E. Worsening of the disease due to inadequate lithium 
dosage 

Difficulty level: Medium 

9 . A 57-year-old woman complained to her physician of tremor, 
polyuria, mental confusion, and speech disturbances. The 
woman had a diagnosis of bipolar disorder and had been 
receiving lithium for 7 months. Two weeks ago, she was 
found to have successive high blood pressure readings, and 
her physician started an antihypertensive treatment with 




hydrochlorothiazide and losartan. Which of the following 
was most likely the reason for the adverse effects reported 
by the patient? 

A. Thiazide-induced dilutional hypernatremia 

B. Decreased renal elimination of lithium 

G Decreased hepatic metabolism of lithium 

D. Thiazide-induced hypokalemia 

E. Losartan-induced hyperkalemia 

Difficulty level: Medium 

10. A 30-year-old woman was brought to a psychiatric hospital 
by her parents because she had been in bed most of the day 
for the last 2 weeks. The woman was admitted to the hospi- 
tal 4 months ago because of an acute manic episode and was 
discharged on valproic acid with a favorable response. On 
questioning, she said she discontinued her therapy 2 week 
ago because she felt cured, but now she admitted she was 
depressed most of the time and wanted to die. The patient 
was dismissed from the hospital 1 week later with an appro- 
priate maintenance therapy. Which of the following drugs 
would be appropriate for the patient at this time? 

A. Amitriptyline 

B. Lorazepam 
C Haloperidol 

D. Buspirone 

E. Lithium 

F. Zolpidem 

Difficulty level: Easy 

11. A49-year-old woman visited her physician complaining of a 
fine hand tremor and of an increasing need to urinate. The 
woman, recently diagnosed with a psychiatric disorder, had 
been taking a psychotropic drug for 3 weeks. Physical exam- 
ination disclosed cystic acne with folliculitis over the trunk 
and thorax. Which of the following drugs was most likely to 
have caused the patient’s symptoms and signs? 

A. Fluoxetine 

B. Haloperidol 
C Lithium 

D. Fluphenazine 

E. Valproic acid 

F. Trazodone 


A. For 3 months 

B. For 6 months 
C For 9 months 

D. For 1 year 

E. Indefinitely 

Difficulty level: Medium 

13. A 33-year-old woman suffering from a bipolar disorder had 
been maintained successfully on lithium therapy. Now she 
planned to become pregnant. Her psychiatrist decided to 
stop lithium and to start another medication. Which of the 
following drugs would be appropriate for this patient? 

A. Carbamazepine 

B. Valproic acid 
C Quetiapine 

D. Haloperidol 

E. Clozapine 

F. Amitriptyline 

Difficulty level: Easy 

14. A 57-year-old man complained to his physician that he was 
always thirsty and had frequent and profuse micturition. 
The man, recently diagnosed with bipolar disorder, had been 
receiving lithium for 3 weeks. Which of the following was 
most likely the cause of the patient’s symptoms? 

A. Blockade of Na + reabsorption in the thick ascending loop 
of Henle 

B. Blockade of vasopressin-induced increase of cAMP in the 
collecting tubule 

C Increased plasma glucose levels 

D. Stimulation of the thirst center in the hypothalamus 

E. Blockade of vasopressin secretion from the pituitary 

Difficulty level: Medium 

15. A 43-year-old woman recently diagnosed with major de- 
pressive disorder had started a therapy with sertraline, but 
1 month later her condition had not changed appreciably, 
and her psychiatrist decided to add a second medication 
(augmentation therapy). He prescribed a drug with multiple 
mechanisms of action, including an inhibition of glycogen 
synthase kinase 3. Which of the following drugs was most 
likely prescribed? 


Difficulty level: Medium 

A. 

B. 

Olanzapine 

Triiodothyronine 

12. A 49-year-old woman was discharged from a psychiatric 

C 

Bupropion 

hospital after an episode of acute mania. Over the past 2 

D. 

Lamotrigine 

years, the patient had had five previous hospitalizations for 

E. 

Buspirone 

major manic or depressive episodes. Her postdischarge ther- 
apy included lithium. How long should the patient continue 

F. 

Lithium 


to take lithium? 



Difficulty level: Easy 

16 . A 55-year-old man suffering from bipolar disorder started a 
maintenance therapy with lithium. Which of the following 
adverse effects is most likely to occur during the first days 
of therapy? 

A. Constipation 

B. Weight loss 
C Insomnia 

D. Hypertension 

E. Edema 

Difficulty level: Hard 

17 . A 20-year-old man was accompanied to the clinic by his 
mother, who stated that her son had been exhibiting very 
unusual behavior over the past few weeks. He was euphoric 
most of the day, stayed up later and later at night, and fre- 
quently awakened his parents shouting and screaming. Re- 
cently, he experienced problems at work. Upon arriving at 
the clinic, he had trouble sitting still or listening and became 
increasingly irritable throughout the examination. He repeat- 
edly said he heard a voice telling him he had a superpower. 
Which of the following pairs of drugs would be most helpful 
for the patient’s condition? 

A. Fluoxetine and risperidone 

B. Imipramine and lithium 

C Fluoxetine and haloperidol 

D. Imipramine and haloperidol 

E. Risperidone and lithium 

Difficulty level: Hard 

18 . A 44-year-old woman reported to her psychiatrist that the 
prescribed drug improved her feelings, but that she was still 
somewhat depressed and lethargic almost every day. The 
woman, recently diagnosed with major depressive disorder, 
had been taking venlafaxine for 2 months. The psychiatrist 
decided to add a second drug to the present regimen. Which 
of the following drugs would be appropriate for the patient 
at this time? 

A. Amitriptyline 

B. Mirtazapine 
G Haloperidol 

D. Lithium 

E. Valproic acid 

F. Diazepam 

Difficulty level: Easy 

19 . A46-year-old man complained to his physician of a fine hand 
tremor, diarrhea, and frequent need to urinate. The man had 


been receiving lithium therapy for 1 month to treat bipolar 
disorder. Routine lab tests showed normal renal function 
and a plasma lithium level of 3 mEq/L. Lithium has a volume 
of distribution of about 45 Land a half-life of about 20 hours. 
How many hours should the physician withhold lithium in 
order to reach a safer, yet likely therapeutic level of 0.75 
mEq/L? 

A. 10 

B. 20 
C 30 

D. 40 

E. 80 

F. 100 

Difficulty level: Easy 

20 . A 34-year-old woman who had been treated for an episode 
of acute mania was no longer overtly manic. However, be- 
cause she had had past episodes of depression and mania, 
her psychiatrist decided to institute prophylactic therapy 
and prescribed a drug that appears to affect primarily the 
inositol second messenger system. Which of the following 
drugs was most likely prescribed? 

A. Valproic acid 

B. Aripiprazole 
C Lamotigrine 

D. Lithium 

E. Quetiapine 

F. Risperidone 

Difficulty level: Medium 

21 . A 63-year-old man complained to his physician that he had 
a constant, strong desire to drink and had frequent and 
profuse micturition. The man was otherwise healthy, but 
2 months earlier he was diagnosed with a psychiatric dis- 
order and had been taking an appropriate pharmacotherapy 
since then. Further exams indicated that the patient’s daily 
urine output was about 12 to 1 5 L. His urine osmolarity was 
216 mOsm/kg under control conditions and 225 mOsm/kg 
after the administration of desmopressin. The physician de- 
creased the dose of the drug the patient was taking for his 
psychiatric disorder and prescribed another drug to cure the 
patient’s urinary symptoms. Which of the following drugs 
would be most appropriate to treat the patient’s urinary 
symptoms at this time? 

A. Furosemide 

B. Hydrochlorothiazide 
C Amiloride 

D. Spironolactone 

E. Conivaptan 



Questions: IE-1 1 Drugs for Childhood Behavioral Disorders 


Directions for questions 1-3 

Match each drug with the appropriate description (each lettered 
option can be selected once, more than once, or not at all). 

A. Aripiprazole 

B. Atomoxetine 
C Bupropion 

D. Clonidine 

E. Desmopressin 

F. Dextroamphetamine 

G. Guanfacine 

H. Methylphenidate 

I. Lisdexamfetamine 

J. Risperidone 

Difficulty level: Easy 

1. An agonist at a 0 and imidazoline receptors 
Difficulty level: Easy 

2. Apartial agonist at central dopaminergic receptors 
Difficulty level: Easy 

3. Aprodrug that is used to treat attention deficit hyperactivity 
disorder 

Difficulty level: Easy 

4. An 8-year-old boy recently diagnosed with attention deficit 
hyperactivity disorder (ADHD) started a treatment with meth- 
ylphenidate. Which of the following neural pathways most 
likely represent the main site oftherapeutic action ofthe drug 
in this child? 

A. Tuberoinfundibular 

B. Mesolimbic 

C Corticostriatal 

D. Mesocortical 

E. Spinothalamic 

Difficulty level: Easy 

5. A 7-year-old boy was taken to the hospital by his mother for 
a scheduled checkup. The boy, recently diagnosed with atten- 
tion deficit hyperactivity disorder (ADHD), had started an 
appropriate pharmacotherapy 2 weeks earlier. The mother 
reported that the child was able to focus better and was less 
hyperactive and less impulsive. However, she was concerned 
because her son frequently exhibited eye blinking, grimac- 
ing, and twitching. The physician said that these abnormal 


movements could be related to the child’s therapy. Which of 
the following drugs might have caused these adverse effects? 

A. Fluphenazine 

B. Methylphenidate 
C Atomoxetine 

D. Ethosuximide 

E. Paroxetine 

Difficulty level: Easy 

6. A 6-year-old boy was in his family physician’s office for a 
scheduled visit. The boy, recently diagnosed with attention 
deficit hyperactivity disorder (ADHD), had started an appro- 
priate pharmacotherapy 1 week earlier. Vital signs were blood 
pressure 155/88 mm Hg, heart rate 85 bpm, respirations 1 6/ 
min. Which of the following drugs most likely caused the 
patient’s high blood pressure? 

A. Atomoxetine 

B. Norepinephrine 
C Phenylephrine 

D. Guanfacine 

E. Clonidine 

Difficulty level: Medium 

7. A 24-year-old woman who had been suffering from depres- 
sion for 3 years was recently diagnosed with attention deficit 
hyperactivity disorder (ADHD). Which of the following pairs 
of drugs would be appropriate for this patient? 

A. Bupropion and haloperidol 

B. Methylphenidate and sertraline 

C Dextroamphetamine and diazepam 

D. Atomoxetine and fluphenazine 

E. Guanfacine and lorazepam 

Difficulty level: Easy 

8. A 12-year-old girl suffering from attention deficit hyperac- 
tivity disorder (ADHD) was treated in the past with different 
drugs with little success. The physician decided to try another 
drug that is a selective inhibitor of norepinephrine reuptake. 
Which of the following drugs was most likely prescribed? 

A. Cocaine 

B. Atomoxetine 

C Methylphenidate 

D. Dextroamphetamine 

E. Bupropion 



Difficulty level: Medium 

9 . An 8-year-old boy was brought to his pediatrician with com- 
plaints of repeated head jerking, blinking, and grimacing for 
the past 2 months. The boy had never had a tic-free period 
for more than a few days and recently had started making 
grunting noises and saying obscenities. Which of the follow- 
ing drugs would be useful to treat the patient’s condition? 

A. Fluoxetine 

B. Aripiprazole 
C Clonazepam 

D. Naltrexone 

E. Im ip r amine 

F. Lithium 

Difficulty level: Easy 

10 . A 10-year-old boy recently diagnosed with attention deficit 
hyperactivity disorder (ADHD) started a treatment with 
dextroamphetamine. The therapy significantly improved the 
disease, but the parents were concerned because the boy 
was never hungry. Which of the following was most likely a 
site of this anorectic action of amphetamines? 

A. Temporal cortex 

B. Putamen 

C Ventrolateral medulla 

D. Lateral hypothalamus 

E. Amygdala 

F. Locus ceruleus 

Difficulty level: Medium 

11 . A23-year-old woman presented to her physician complain- 
ing that she felt fearful, helpless, and worried almost contin- 
uously during the day. She also had difficulty organizing her 
thoughts and claimed that cognitive concepts were exceed- 
ingly difficult to grasp. Past history of the patient indicated 
that she was a difficult child to manage and often impulsive 
and unproductive in school. She started smoking at the age 
of 12 and now smoked two packs of cigarettes daily. She 
tried to quit smoking several times with no success. The 
physician suggested trying a drug that was effective in treat- 
ing both depressive and attention deficit disorders, as well as 
in smoking cessation. Which of the following drugs was 
most likely prescribed? 

A. Methylphenidate 

B. Paroxetine 
C Bupropion 

D. Gu an fa cine 

E. Amitriptyline 


Difficulty level: Medium 

12 . A 7-year-old boy was brought by his mother to his family 
pediatrician because he still wet the bed. The boy achieved 
daytime bladder control by 3 years of age but wet his bed 
once or twice a week. A conditioning therapy with the aid of 
a bell and pad alarm, started 2 weeks previously, was only 
partially effective. The pediatrician ordered a drug to be 
given by nasal spray. Which of the following drugs was most 
likely prescribed? 

A. Desmopressin 

B. Im ip r amine 
C Atropine 

D. Fluoxetine 

E. Haloperidol 

F. Clonidine 

Difficulty level: Medium 

13 . A 7-year-old boy was referred for psychiatric evaluation 
because he was unable to sit still in school for more than 
1 minute at a time. During story time, he interrupted, wan- 
dered around the classroom, or poked his neighbors. After 
the psychiatric evaluation, a diagnosis was made, and a drug 
was prescribed that acts by increasing catecholamine re- 
lease in the central nervous system. Which of the following 
drugs was most likely prescribed? 

A. Cocaine 

B. Dextroamphetamine 
C Methylphenidate 

D. Gu an fa cine 

E. Bupropion 

Difficulty level: Easy 

14 . A24-year-old man recently diagnosed with attention deficit 
hyperactivity disorder (ADHD) started behavioral therapy 
and treatment with methylphenidate. Which of the follow- 
ing adverse effects was the patient most likely to experience 
during the first week of therapy? 

A. Increased appetite 

B. Growth suppression 
C Seizures 

D. Insomnia 

E. Hallucinations 

Difficulty level: Medium 

15 . A 12-year-old boy was referred to a psychiatrist because he 
recently became very irritable and would hit his head on a 
wall or furniture if the room was too noisy. The boy lived in 



a group home and attended a special school program for ad- 
olescents with developmental disabilities. He preferred tasks 
that allowed him to be alone and was described as a distant 
child who would not participate in group activities. Al- 
though he had superior ability in mathematics, he tested in 
the medium range of mental retardation. The boy had been 
diagnosed as autistic at age 4. The psychiatrist prescribed 
a drug to decrease irritability and self-injurious behavior. 
Which of the following drugs was most likely appropriately 
prescribed? 

A. Fluoxetine 

B. Risperidone 
C Atomoxetine 

D. Clonidine 

E. Bupropion 

F. Methylphenidate 

Difficulty level: Easy 

16 . An 1 1 -year-old girl recently diagnosed with attention deficit 
hyperactivity disorder (ADHD) started treatment with meth- 
ylphenidate. Which of the following molecular actions on 
central adrenergic neurons most likely mediated the thera- 
peutic effect of the drug in the patient’s disease? 

A. Blockade of dopamine reuptake 

B. Stimulation of norepinephrine metabolism 
C Blockade of serotonergic receptors 

D. Activation of glutamate receptors 

E. Blockade of gamma-aminobutyric acid (GABA) receptors 
Difficulty level: Easy 

17 . A 15-year-old girl was recently diagnosed with attention 
deficit hyperactivity disorder (ADHD). Her physician was 
concerned about the abuse potential of drugs used for this 
disorder, as the girl admitted smoking marijuana occasion- 
ally with her friends. Which of the following drugs would be 
most appropriate for this patient? 

A. Methylphenidate 

B. Paroxetine 

C Dextroamphetamine 

D. Alprazolam 

E. Atomoxetine 

F. Aripiprazole 


Difficulty level: Medium 

18 . An 8-year-old girl was in her physician’s office for a follow-up 
visit regarding her attention deficit hyperactivity disorder 
(ADHD). She had been treated with two different drugs over 
the past 6 weeks with little success. The physician decided 
to stop the ongoing therapy and to start a drug that acts as 
a central a 2 -receptor agonist. Which of the following drugs 
was most likely prescribed? 

A. Dextroamphetamine 

B. Methylphenidate 
C Guanfacine 

D. Bupropion 

E. Epinephrine 

Difficulty level: Easy 

19 . A 6-year-old girl had difficulty sustaining attention in activ- 
ities at school and at home. She failed to pay close attention 
to teachers and often made careless mistakes in schoolwork. 
She repeatedly exhibited hyperactivity and impulsivity. She 
has had these symptoms since starting kindergarten last 
year. Atreatment with guanfacine was started. Which of the 
following adverse effects did the patient most likely experi- 
ence during the first days of therapy? 

A. Hypotension 

B. Increased appetite 
C Salivation 

D. Aggressive behavior 

E. Anhidrosis 

Difficulty level: Medium 

20 . An 8-year-old boy who had been suffering from Tourette 
syndrome for 1 year was recently diagnosed with attention 
deficit hyperactivity disorder. Which of the following drugs 
would be appropriate to treat both disorders? 

A. Methylphenidate 

B. Clonidine 

C Dextroamphetamine 

D. Haloperidol 

E. Risperidone 



Questions: IE-12 Opioid Analgesics and Antagonists 


Directions for questions 1-5 

For each numbered item select the one lettered option that is 
most closely associated with it (each lettered option can be se- 
lected once, more than once, or not at all). 

A. Buprenorphine 

B. Codeine 
C Fentanyl 

D. Heroin 

E. Loperamide 

F. Methadone 

G. Morphine 

H. Naloxone 

I. Pentazocine 

J Propoxyphene 
K. Tramadol 

Difficulty level: Easy 

1. Apartial agonist at p (mu) opioid receptors and antagonist at 
k (kappa) opioid receptors 

Difficulty level: Easy 

2. A full opioid agonist with the highest oral bioavailability 
Difficulty level: Easy 

3. A drug with very weak opioid activity used in the treatment 
of diarrhea 

Difficulty level: Easy 

4. Apartial agonist at p (mu) opioid receptors and full agonist at 
k (kappa) opioid receptors 

Difficulty level: Easy 

5. A drug with high affinity but no intrinsic activity at opioid 
receptors 

Difficulty level: Easy 

6. A 34-year-old man was admitted to the emergency depart- 
ment because of a sharp abdominal pain for the past 3 hours. 
Further exams led to the diagnosis of renal colic, and the 
patient received an intramuscular injection of morphine. Ac- 
tivation of receptors in which of the following brain areas 
most likely mediated the analgesic effect of the drug in this 
patient? 

A. Edinger-Westphal nucleus 

B. Meynert nucleus 

C Nucleus accumbens 

D. Periaqueductal gray matter 

E. Medial eminence of the hypothalamus 


Difficulty level: Easy 

7. A 22-year-old pregnant woman was in labor for 12 hours 
and was experiencing strong and very painful contractions. 
Epidural administration of morphine was administered for 
analgesia. Which of the following neuronal areas was most 
likely the main site of the analgesic action of morphine in 
this setting? 

A. Locus ceruleus 

B. Substantia gelatinosa 

C Periaqueductal gray matter 

D. Nucleus accumbens 

E. Substantia nigra 

F. Rostral ventrolateral medulla 

Difficulty level: Easy 

8. A 58-year-old woman with metastasized breast cancer re- 
ceived an intramuscular injection of morphine for pain, but 
she suffered nausea and vomiting soon after the injection. 
Which of the following brain areas was most likely the main 
site of these adverse effects of morphine? 

A. Locus ceruleus 

B. Areapostrema 

C Median hypothalamic eminence 

D. Nucleus accumbens 

E. Putamen 

F. Rostral ventrolateral medulla 
Difficulty level: Easy 

9. A61 -year-old woman complained of severe pain a few hours 
after surgery for renal cancer. An intramuscular injection of 
morphine was given. Which of the following actions most 
likely contributed to the analgesic effect of morphine? 

A. Activation of brainstem neurons that modulate pain 
transmission 

B. Stimulation of substance P release from nerve terminals 
in the spinal cord 

C Induction of dissociative feeling and dysphoria 

D. Inhibition of adrenergic pathways from the locus ceruleus 

E. Inhibition of serotonergic pathways from the raphe nuclei 

Difficulty level: Easy 

10. A 55-year-old man complained of severe pain after surgery 
to remove a colon cancer. The physician prescribed a drug 
that is a partial p (mu) opioid agonist, more potent than 
morphine, and whose effects are not readily antagonized 
by naloxone. Which of the following drugs was most likely 
administered? 



A. Methadone 

B. Meperidine 
C Codeine 

D. Buprenorphine 

E. Fentanyl 

F. Loperamide 

Difficulty level: Medium 

11 . A 34-year-old woman was admitted to the emergency de- 
partment because of multiple fractures sustained in a car 
accident. The patient complained of severe pain, and an in- 
tramuscular injection of morphine was given. Which of the 
following molecular actions most likely mediated the anal- 
gesic effect of the drug in this patient? 

A. Opening of Ca 2+ channels on presynaptic nerve 
terminals 

B. Closing of chloride channels on postsynaptic neurons 

C Stimulation of substance P release from nociceptive 
nerve terminals 

D. Opening of K + channels on postsynaptic neurons 

E. Closing ofNa + channels on presynaptic nerve terminals 

F. Stimulation of glutamate release from nociceptive nerve 
terminals 

Difficulty level: Easy 

12 . A 52-year-old man admitted to the emergency department 
after a myocardial infarction still complained of severe pain 
after an intravenous injection of nitroglycerin. Intramuscu- 
lar administration of morphine was given. Which of the fol- 
lowing molecular actions most likely mediated the analgesic 
effect of the drug? 

A. Stimulation of release of endogenous opioid peptides 

B. Activation of p (mu) receptors 
G Blockade of k (kappa) receptors 

D. Stimulation of substance P release from nerve terminals 

E. Activation of glutamate receptors 

F. Blockade of (3 adrenoceptors 

Difficulty level: Medium 

13 . A 68-year-old man suffering from metastasized neck cancer 
had a characteristic pinpoint pupil because of subcutaneous 
infusion of morphine from a portable pump. Stimulation of 
which of the following brain areas most likely mediated this 
drug effect? 

A. Locus ceruleus 

B. Nucleus ambiguus 

C Edinger-Westphal nucleus 

D. Areapostrema 

E. Nucleus accumbens 

F. Hippocampus 


Difficulty level: Medium 

14 . A 55-year-old woman suffering from terminal cancer re- 
ceived a spinal morphine infusion from a portable pump. 
Which of the following was the most likely electrophysio- 
logical consequence of the activation of postsynaptic p (mu) 
opioid receptors on the pain transmission neurons in the 
spinal cord? 

A. Increased firing of those neurons 

B. Production of an excitatory postsynaptic potential 
C Decrease in membrane K + conductance 

D. Increase in membrane Na + conductance 

E. Production of an inhibitory postsynaptic potential 

Difficulty level: Hard 

15 . A 51-year-old woman was seen in the emergency depart- 
ment because of strong abdominal pain for the past hour. 
Physical examination showed a red-headed, pale-skinned 
woman in obvious distress, with severe pain and tenderness 
of the right flank. Apresumptive diagnosis of renal colic was 
made, and the patient was given an intramuscular injection 
of an opioid drug that is a partial agonist at p (mu) receptors 
and a full agonist at k (kappa) receptors. Which of the fol- 
lowing drugs was most likely administered? 

A. Pentazocine 

B. Buprenorphine 
C Codeine 

D. Methadone 

E. Fentanyl 

Difficulty level: Medium 

16 . A 56-year-old woman suffering from osteoarthritis com- 
plained to her physician that the joint pain in her legs and 
shoulders had worsened and was now unbearable. She had 
used several drugs in the past, including ketorolac and ibu- 
profen, with little success. Full doses of acetaminophen were 
partially effective until recently, but they were no longer ef- 
fective. Every morning the patient said that she was “really 
terrified” by the expected pain and asked for an effective 
analgesic. Her physician decided to add a drug that can also 
lower the anxiety, fear, and suffering evoked by pain. Which 
of the following drugs was most likely prescribed? 

A. Indomethacin 

B. Ketorolac 
C Sertraline 

D. Diazepam 

E. Venlafaxine 

F. Methadone 



Difficulty level: Medium 

17 . A 64-year-old man suffering from advanced heart failure 
was admitted to the emergency department because of ex- 
treme dyspnea over the past hour. After physical examina- 
tion, a diagnosis of impending pulmonary edema was made, 
and an appropriate therapy was prescribed that included the 
intramuscular injection ofmorphine. Which ofthe following 
cardiovascular actions most likely contributed to the thera- 
peutic effect ofthe drug in the patient’s disorder? 

A. Increased systolic pressure 

B. Constriction of the renal vascular bed 
C Increased heart rate 

D. Peripheral venous dilation 

E. Increased left ventricular end-diastolic pressure 
Difficulty level: Easy 

18 . A 67-year-old woman complained to her physician of obsti- 
nate constipation. The woman, who was suffering bone pain 
from metastatic breast cancer, had started a therapy with 
morphine 2 weeks previously. Which of the following ac- 
tions most likely mediated the adverse effect of the drug in 
this patient? 

A. Decreased anal sphincter tone 

B. Increased colonic tone 

C Increased intestinal peristalsis 

D. Increased reflex response to rectal distention 

E. Increased softening of feces 

Difficulty level: Easy 

19 . A39-year-old woman was admitted to the hospital because 
of gripping and burning abdominal pain that increased over 
the past 4 hours. The patient was suffering from stage 4 
ovarian cancer metastatic to the pelvis. A treatment with 
sustained release morphine was started. Which of the fol- 
lowing effects on the patient’s respiratory system would be 
expected during the first few days of therapy? 

A. Stimulation ofthe cough reflex 

B. Bronchodilation 

C Increased vital capacity 

D. Decreased tidal volume 

E. Increased rate of breathing 

Difficulty level: Easy 

20 . A 52-year-old man was in his physician’s office for a routine 
visit. The man, suffering from metastasized stomach cancer, 
had started a therapy with morphine 3 weeks ago. Which of 
the following morphine effects was most likely unchanged 
in the patient after 3 weeks of therapy? 


A. Respiratory depression 

B. Miosis 

C Analgesia 

D. Sedation 

E. Euphoria 

F. Nausea and vomiting 

Difficulty level: Easy 

21 . A34-year-old woman complained to her physician of annoy- 
ing constipation. One week earlier, she had developed a sore 
throat and a dry, nonproductive cough and was diagnosed 
with acute bronchitis. Adrug treatment was started, and the 
cough gradually disappeared. Which of the following drugs 
most likely caused the constipation reported by the patient? 

A. Buprenorphine 

B. Fentanyl 
C Albuterol 

D. Codeine 

E. Theophylline 

F. Morphine 

Difficulty level: Easy 

22 . A 36-year-old man complained of severe abdominal pain 
after surgery to remove a kidney stone. An analgesic drug 
was administered intramuscularly. Shortly after the admin- 
istration, an itchy weal developed at the injection site, along 
with generalized pruritus. Which ofthe following drugs was 
most likely given to the patient? 

A. Fentanyl 

B. Acetaminophen 
C Indomethacin 

D. Clonidine 

E. Ibuprofen 

F. Morphine 

Difficulty level: Easy 

23 . A 74-year-old woman was admitted to the emergency de- 
partment in a stupor from which she could be aroused only 
briefly by strong and repeated stimulation. The woman had 
received an intramuscular analgesic drug 2 hours earlier be- 
cause of several minor abrasions and wounds secondary to a 
motor accident. Her records showed she was suffering from 
an anxiety disorder presently treated with diazepam. Which 
of the following analgesic drugs was most likely given to the 
patient? 

A. Acetaminophen 

B. Piroxicam 

C Indomethacin 

D. Morphine 

E. Ketorolac 

F. Aspirin 



Difficulty level: Medium 

24 . A 33-year-old man was admitted to the emergency depart- 
ment because of severe agitation and hallucinatory behav- 
ior. He admitted he had been using marijuana (regularly) 
and LSD (from time to time). Shortly before admission, he 
self-injected what he believed to be “smack” (heroin) sold on 
the street. Which of the following opioids did the patient 
most likely take? 

A. Buprenorphine 

B. Morphine 
C Pentazocine 

D. Fentanyl 

E. Methadone 

Difficulty level: Easy 

25 . A62-year-old woman recovering from surgical repair of mul- 
tiple fractures was complaining of severe pain. A standard 
dose of morphine was given intramuscularly. Which of the fol- 
lowing adverse effects most likely occurred in this patient? 

A. Dysphoria 

B. Impairment of far vision 
C Diarrhea 

D. Hypertension 

E. Dry cough 

Difficulty level: Medium 

26 . A63-year-old man with terminal prostate cancer developed 
fever (101. 7°F, 38.7°C) followed by severe respiratory de- 
pression. For the past week, the patient had been receiving an 
analgesic medication by transdermal patch because of se- 
vere bone pain. Which ofthe following drugs was most likely 
administered to the patient? 

A. Pentazocine 

B. Codeine 
C Fentanyl 

D. Ibuprofen 

E. Ketorolac 

F. Indomethacin 

Difficulty level: Easy 

27 . A 59-year-old woman with metastatic breast cancer com- 
plained of increasing bone pain, no longer managed with 
acetaminophen and codeine. A daily treatment with oral 
morphine was started. Which of the following drugs should 
be given concomitantly to prevent one of the most common 
adverse effects of opioids? 

A. Diazepam 

B. Fluoxetine 
C Lactulose 


D. Propranolol 

E. Nifedipine 

F. Omeprazole 

Difficulty level: Easy 

28 . A62-year-old man suffering from metastatic prostate cancer 
complained of severe bone pain. The physician prescribed 
methadone. Which of the following was most likely one of 
the postreceptor mechanisms triggered by this drug? 

A. Inhibition of the synthesis of inositol triphosphate/ 
diacylglycerol (IP 3 /DAG) 

B. Blockade of Ca 2+ channels on presynaptic nerve terminals 
C Opening ofNa + channels on neuronal cell membrane 

D. Stimulation of adenylyl cyclase activity 

E. Inhibition of phospholipase C activity 

Difficulty level: Easy 

29 . A 35-year-old man admitted to the hospital because of a 
second-degree burn on his left forearm complained of in- 
creasing pain. An oral combination of acetaminophen/ 
codeine was administered for pain control. Which of the 
following statements best explain the reason for using this 
drug combination? 

A. Codeine counteracts acetaminophen-induced hepato- 
toxicity. 

B. Acetaminophen counteracts codeine-induced consti- 
pation. 

C The combination does not cause tolerance or dependence. 

D. Acetaminophen speeds up the biotransformation of co- 
deine into morphine. 

E. The two drugs enhance each other’s analgesic effects. 
Difficulty level: Medium 

30 . A5 1-year-old woman was admitted to the hospital with se- 
vere, intermittent right upper quadrant pain accompanied 
by nausea, vomiting, and clay-colored stools. Medical his- 
tory of the patient indicated that she had been suffering 
from hypothyroidism for 2 years. The admitting diagnosis 
was biliary colic. Which of the following statements best ex- 
plains why opioids were relatively contraindicated in this 
patient? 

A. They can cause smooth muscle spasm in the sphincter of 
Oddi. 

B. They are ineffective in patients with hypothyroidism. 

C They increase the risk of hepatotoxicity in patients with 
liver disease. 

D. They are poorly metabolized in patients with liver 
disease. 

E. They can increase the risk of nausea and vomiting. 



Difficulty level: Medium 

31. A 64-year-old man was brought to the emergency room for 
an episode of severe and crushing chest pain that radiated to 
his left arm and jaw. Thus far the pain had not responded to 
five nitroglycerin sublingual tablets. Other signs and symp- 
toms were consistent with the diagnosis of acute myocardial 
infarction, and his physician was considering the use of an 
opioid analgesic. Which of the following opioids would be 
contraindicated in this patient? 

A. Morphine 

B. Fentanyl 

C Buprenorphine 

D. Pentazocine 

E. Methadone 

Difficulty level: Easy 

32. A 47-year-old man complained of severe pain 3 days after 
surgery to remove a colon cancer. Physical examination and 
x-ray confirmed the diagnosis of postoperative adynamic 
ileus. An analgesic treatment was prescribed. Which of the 
following analgesic drugs would be contraindicated for this 
patient? 

A. Acetaminophen 

B. Morphine 
C Ibuprofen 

D. Ketorolac 

E. Indomethacin 

Difficulty level: Easy 

33. A 74-year-old man was brought to the emergency depart- 
ment with strong pain following a car accident. Vital signs 
were blood pressure 190/100, pulse 55 bpm, respirations 
12/min. Physical examination showed severe head trauma. 
The patient was currently taking nitroglycerin, lovastatin, 
and ranitidine. Which ofthe following analgesic drugs would 
be contraindicated for this patient? 

A. Indomethacin 

B. Acetaminophen 
C Aspirin 

D. Morphine 

E. Ketorolac 

Difficulty level: Medium 

34. A 74-year-old man who had been suffering from occlusive 
atherosclerotic disease ofthe legs for 3 months complained 
that recently his pain had increased and was not relieved by 
nonsteroidal antiinflammatory drugs (NSAIDs). His physician 
changed the therapy and prescribed an appropriate treatment. 


A few days later, the patient reported that he was feeling 
much better and that the pain seemed to be still there, but 
that “it doesn’t bother me so much.” He also said that he was 
a little sleepy during the day and had some difficulty in void- 
ing his bladder. Which ofthe following drugs was most likely 
prescribed to the patient? 

A. Amitriptyline 

B. Acetaminophen 
C Haloperidol 

D. Morphine 

E. Diazepam 

F. Ketorolac 

Difficulty level: Medium 

35. A 65-year-old man with terminal cancer was suffering from 
continuous pain that had gradually increased in intensity 
and now was severe and no longer relieved by full therapeu- 
tic doses of ketorolac. His physician decided to change the 
therapy. Which of the following treatments would be most 
appropriate for this patient? 

A. Naproxen orally (PO), once daily 

B. Morphine intramuscularly (IM), as needed 
C Tramadol PO, twice daily 

D. Fentanyl IM, as needed 

E. Methadone PO, once daily 

Difficulty level: Hard 

36. A 34-year-old man, brought to the emergency department 
after a car collision, was fully conscious and complained of 
chest pain. He was also agitated, disoriented, moving all his 
limbs, and aggressive. Physical examination showed hema- 
toma over the right orbit and strong pain on palpation of the 
5th to 9th right ribs. Reflexes were grossly intact. Acomputed 
tomography (CT) scan was ordered. Which ofthe following 
pairs of drugs would be appropriate to induce “conscious 
sedation” in this patient to complete the CT scan? 

A. Ibuprofen and codeine 

B. Buspirone and meperidine 
C Zolpidem and morphine 

D. Lorazepam and fentanyl 

E. Diazepam and acetaminophen 

Difficulty level: Hard 

37. A 44-year-old man complained to his physician of burning 
pain on his chest, especially when his clothes rubbed against 
it, and an itchy feeling in the same area. The patient was 
diagnosed with herpes zoster 3 weeks ago, but the painful 
rush on his chest disappeared after 8 days. The physician 




made a presumptive diagnosis and ordered a drug to allay 
pain. Which of the following drugs would be appropriate for 
this patient? 

A. Acetaminophen 

B. Ethosuximide 
G Diazepam 

D. Tramadol 

E. Fluoxetine 

F. Ibuprofen 

Difficulty level: Hard 

38 . A44-year-old man who underwent surgery to remove a lung 
cancer exhibited pronounced shivering upon recovering from 
surgery. An appropriate therapy was started that included 
fluid warming and an intravenous injection of a drug. Which 
of the following drugs was most likely administered? 

A. Amitriptyline 

B. Indomethacin 
C Fluoxetine 

D. Meperidine 

E. Atropine 

Difficulty level: Medium 

39 . A baby boy, born after normal delivery, presented with re- 
spiratory depression, pinpoint pupils, and low Apgar scores. 
His mother received two intramuscular injections of an 
analgesic drug 3 and 2 hours before the delivery because 
of strong erratic and very painful contractions. Which of the 
following drugs would be appropriate for the baby at this 
time? 

A. Flumazenil 

B. Theophylline 
C Naloxone 

D. Caffe ine 

E. Albuterol 

F. Ipratropium 

Difficulty level: Medium 

40 . A 58-year-old woman was about to be discharged from the 
hospital after a hysterectomy. Her past medical history was 
significant for duodenal ulcer, which healed 1 year ago after 


appropriate therapy. Because the patient still complained 
of some episodic abdominal pain, a postdischarge analgesic 
was prescribed. Which of the following drug combinations 
would be appropriate for this patient? 

A. Buprenorphine/ibuprofen 

B. Morphine/indomethacin 
C Codeine/acetaminophen 

D. Fentanyl/ketorolac 

E. Methadone/aspirin 

Difficulty level: Medium 

41 . A 34-year-old heroin addict was determined to “quit the 
habit” and started a detoxification program supervised by 
a certified physician. The program included the administra- 
tion of a buprenorphine/naloxone combination to be given 
by the sublingual route. Which of the following was most 
likely the reason for using naloxone in the patient’s detoxifi- 
cation program? 

A. To counteract buprenorphine-induced respiratory de- 
pression 

B. To increase the absorption of buprenorphine 
C To prevent buprenorphine overdose 

D. To discourage the intravenous abuse of buprenorphine 

E. To minimize buprenorphine tolerance 

Difficulty level: Easy 

42 . A 68-year-old woman with breast cancer metastases com- 
plained to her physician of a dull bone pain that had been 
increasing over the past few days. The pain was initially 
relieved by ibuprofen, but now the drug was unable to con- 
trol it. The patient described the pain as continuous but 
moderate. The physician decided to add to ibuprofen a drug 
whose analgesic effect is most likely due to its conversion 
to morphine. Which of the following drugs was most likely 
prescribed? 

A. Fentanyl 

B. Codeine 

C Buprenorphine 

D. Tramadol 

E. Pentazocine 

F. Meperidine 



Questions: IE-13 Drugs of Abuse 


Directions for questions 1-5 

Match each drug with the appropriate description (each lettered 
option can be selected once, more than once, or not at all). 

A. Amphetamine 

B. Buprenorphine 
C Cannabinoids 

D. Caffe ine 

E. Cocaine 

F. Ethanol 

G. Gamma-hydroxybutyric acid 

H. Heroin 
L LSD 

M. Methylenedioxymethamphetamine (MDMA) 

N. Naloxone 

O. Nicotine 

P. Phencyclidine 

Difficulty level: Easy 

1. This drug is sometimes used to decrease alcohol craving in 
alcoholics. 

Difficulty level: Easy 

2 . This drug acts mainly by increasing the nonvesicular release 
of dopamine from dopaminergic neurons. 

Difficulty level: Easy 

3. The elimination of this drug follows mainly zero-order 
kinetics. 

Difficulty level: Easy 

4 . This drug is used in heroin detoxification programs. 

Difficulty level: Easy 

5 . The central effects of this drug are most likely mediated by 
the activation of type B gamma-aminobutyric acid (GABA b ) 
receptors. 

Difficulty level: Medium 

6. A 28-year-old man was brought to the psychiatric clinic by 
the police after he attempted to assault a woman in the street. 
The man presented with elevated mood, rapid speech, muscle 
twitching, and dilated pupils. He kept on scratching himself 
repeatedly because he stated that “bugs are crawling under 
my skin.” Vital signs were blood pressure 170/105, heart rate 
120 bpm, respirations 20 /min. After a short time, stereotyped 
behavior developed accompanied by paranoid delusions, but 


the man remained oriented and alert. Which of the following 
drugs most likely caused the patient’s syndrome? 

A. Marijuana 

B. LSD 

C Cocaine 

D. Ethanol 

E. Phencyclidine 

Difficulty level: Medium 

7. A44-year-old man was a regular user ofhigh doses of cocaine. 
Which of the following signs and symptoms was most likely 
prominent in this person, shortly after the administration of 
the drug? 

A. Disorientation in time and space 

B. Ravenous appetite 
C Lethargy 

D. Stereotyped behavior 

E. Increased feeling of fatigue 

Difficulty level: Easy 

8. The mother of a 16-year-old boy noticed a change in her son’s 
behavior. When he returned home in the evening after meet- 
ing with his friends, he was always very hungry, despite hav- 
ing eaten his dinner. He always appeared happy, would find 
everything amusing, and laughed a lot. Occasionally, his eyes 
would be rather red. In the morning he was reluctant to go to 
school and did not appear to care whether he did well or not. 
Adrug with which ofthe following mechanisms of action was 
he most likely abusing? 

A. Activation of cannabinoid receptors 

B. Blockade of norepinephrine reuptake 
C Activation of serotonin receptors 

D. Activation of p (mu) opioid receptors 

E. Blockade of dopaminergic receptors 

Difficulty level: Easy 

9 . An 18-year-old girl who had never used recreational drugs 
joined in smoking multiple marijuana cigarettes at a party. 
Which of the following signs and symptoms did the girl most 
likely experience just after smoking? 

A. Hypertension 

B. Increased heart rate 
C Depressive mood 

D. Hyperalgesia 

E. Improved memory 

F. Pale skin 



Difficulty level: Easy 

10 . A 33-year-old man was in his physician’s office because he 
started to perceive flashes of colors and fleeting movements 
of strange objects as he entered a dark room. The man, who 
was an alcoholic and an occasional user of recreational 
drugs, took two tablets of an illegal drug while at a party 2 
months ago. Which of the following syndromes most likely 
accounted for the patient’s symptoms? 

A. Phencyclidine withdrawal 

B. Heroin withdrawal 
C LSD flashbacks 

D. Cocaine-induced schizophrenic episode 

E. Amphetamine-induced schizophrenic episode 

F. Alcohol withdrawal 

Difficulty level: Easy 

11 . A 42-year-old woman complained to her doctor about in- 
creasing anxiety, insomnia, irritability, and severe craving for 
cigarettes. The patient, who was a two-pack-a-day smoker 
for 15 years, had recently quit smoking. The physician pre- 
scribed a drug that could relieve her symptoms. Which of 
the following drugs would be most appropriate for this 
patient? 

A. Naloxone 

B. Bupropion 

C Bromocriptine 

D. Buprenorphine 

E. Methyldopa 

F. Im ip r amine 

Difficulty level: Easy 

12 . A22-year-old man came to the clinic complaining of muscle 
aches, nausea, and anxiety. He reported that he was a heroin 
addict and that he had been smoking phencyclidine occa- 
sionally for the past 6 months. He was sweating, shaking, 
and kept yawning. Physical examination revealed hyperven- 
tilation, hyperthermia, high blood pressure, and tachycardia. 
His pupils were dilated, but no nystagmus was observed. 
Which ofthe following types ofdrugs would be most appro- 
priate to provide immediate relief to this patient? 

A. 5-HT receptor agonist 

B. Mu receptor agonist 

C Glutamate receptor antagonist 

D. GABA receptor agonist 

E. D 2 receptor antagonist 

F. Alpha 2 receptor antagonist 


Difficulty level: Easy 

13 . A 38-year-old heroin addict was determined to quit the 
habit and was admitted to a detoxification clinic. After phys- 
ical examination and laboratory tests, treatment was started. 
Sublingual administration of which of the following drugs 
would be most appropriate for this patient? 

A. Diazepam 

B. Buprenorphine 
C Naltrexone 

D. Phenobarbital 

E. Codeine 

F. Pentazocine 

Difficulty level: Easy 

14 . A 35-year-old male body builder was brought to the emer- 
gency department for treatment of traumatic injuries to his 
legs as a result of a motor vehicle accident. He was agitated, 
hyperaggressive, and in a rage. He had been restrained by 
security guards following an altercation with one of the 
nurses. He denied use of alcohol or other mood-altering 
drugs. Physical examination showed a distraught patient 
with extensive skin acne. Vital signs were within normal 
limits, and the results of routine drug screen tests for illegal 
substances were negative. Which of the following drugs was 
most likely to have caused the patient’s behavior? 

A. Diazepam 

B. Marijuana 
C Heroin 

D. Mifepristone 

E. Oxandrolone 

F. Danazol 

Difficulty level: Easy 

15 . A 1 7-year-old girl who had never used drugs decided to join 
in with her friends who were smoking drugged cigarettes. 
In the first 5 minutes, she experienced euphoria, uncon- 
trollable laughter, depersonalization, and sharpened vision. 
Her concentration became difficult, and she noticed that her 
heart was “pounding.” Her friends noted reddening of her 
conjunctiva but no change in pupil diameter. Which of the 
following drugs most likely caused the girl’s symptoms? 

A. Phencyclidine 

B. Cannabis 
C Cocaine 

D. Heroin 

E. LSD 



Difficulty level: Medium 

16 . A 40-year-old female alcoholic was admitted to an alcohol 
rehabilitation center because she was determined to quit the 
habit. A drug was given to facilitate avoidance from ethanol 
dependence, based on research suggesting that compulsive 
alcohol drinking is influenced by opiate receptor activity. 
Which of the following drugs was most likely administered? 

A. Diazepam 

B. Clonidine 
C Disulfiram 

D. Naltrexone 

E. Methadone 

F. Buprenorphine 

Difficulty level: Medium 

17 . A 27-year-old man with a recent history of drug abuse pre- 
sented to the emergency department with violent, shaking 
chills. He also complained of restlessness, insomnia, nausea, 
and abdominal cramps and exhibited profuse sweating, rhi- 
norrhea, yawning, and piloerection. He admitted he was out 
ofmoney and was unable to get the usual supply ofthe drug 
he had been using for 3 months. From which ofthe following 
drugs was he most likely experiencing withdrawal? 

A. Heroin 

B. Cocaine 

C Amphetamines 

D. LSD 

E. MDMA 

F. Phencyclidine 

Difficulty level: Medium 

18 . A 28-year-old woman was admitted unconscious to the 
emergency department. Afriend stated that the woman was 
a polydrug user and that she had self-injected a drug approx- 
imately 45 minutes prior to admission. Vital signs were blood 
pressure 100/50, heart rate 95 bpm, respirations 5/min. Phys- 
ical examination showed cyanosis and pinpoint pupils. Which 
of the following drugs did the woman most likely take? 

A. Amphetamine 

B. Heroin 
G Cocaine 

D. Ph encyclidine 

E. Diazepam 

F. LSD 

Difficulty level: Easy 

19 . A 41-year-old man decided to stop smoking cigarettes and 
asked his family physician about a possible withdrawal syn- 
drome. He had been smoking two packs of cigarettes daily 
for 24 years. Which of the following are the withdrawal 
symptoms the man was most likely to experience? 


A. Irritability and restlessness 

B. Asthenia and sleepiness 
C Euphoria and elation 

D. Tachycardia and hypertension 

E. Decreased appetite and weight loss 

Difficulty level: Medium 

20 . A 53-year-old woman suffered a generalized seizure and 
was taken to the emergency department. On admission she 
was extremely anxious and agitated. She reported she had 
no history of epilepsy. Further questioning revealed that she 
had a long history of drug abuse, but the day before she de- 
cided to quit and ceased taking the abused drug. Withdrawal 
from which of the following drugs most likely caused the 
patient’s seizure? 

A. LSD 

B. Cannabis 
C Alprazolam 

D. Heroin 

E. Cocaine 

F. Methamphetamine 

Difficulty level: Medium 

21 . A48-year-old male alcoholic complained of flushing, nausea, 
a throbbing headache, and confusion after drinking a glass of 
wine. The man was taking a drug as part of his rehabilitation 
treatment for alcoholism. The symptoms of the patient are 
most likely caused by the accumulation in the body of which 
ofthe following substances? 

A. Dopamine 

B. Acetaldehyde 
C Ethanol 

D. Serotonin 

E. Methanol 

F. Formaldehyde 

Difficulty level: Medium 

22 . A 15-year-old boy was admitted to the hospital in a panicky 
state, crying and complaining of being seriously ill. The boy, 
who had never used recreational drugs, had just smoked 
two drugged cigarettes at a party with his friends. Physical 
examination showed a confused and fearful patient with 
fast pulse (120 bpm), reddening of the conjunctiva with no 
change in pupil diameter, and diffuse tremor. Which of the 
following drugs did he most likely take? 

A. Amphetamine 

B. Cocaine 

C Gamma-hydroxybutyric acid 

D. Heroin 

E. Cannabis 



Difficulty level: Easy 

23 . A 50-year-old homeless man was brought to the emergency 
room by the police, who had found him disoriented and 
trembling under a bridge. Physical examination and vital 
signs led to the diagnosis of delirium tremens. Which of the 
following signs and symptoms did the patient most likely 
show? 

A. Pinpoint pupils 

B. Profound hypotension 
C Hypothermia 

D. Skeletal muscle relaxation 

E. Visual hallucinations 

Difficulty level: Medium 

24 . A 48-year-old woman became agitated and visibly tremu- 
lous and showed hallucinatory behavior 1 day after being 
admitted to the hospital for elective surgery. She also ac- 
cused the doctors and her husband of being unsympathetic 
and uncaring. Which of the following statements most likely 
explains the reason for the patient’s behavior? 

A. Benzodiazepine medication given before surgery 

B. Depressive episode triggered by the operation 
G Ethanol withdrawal 

D. Opioid medication given before surgery 

E. Halothane anesthesia used during surgery 

Difficulty level: Hard 

25 . A 30-year-old man with a long history of polydrug abuse 
came to the emergency department after expectorating a 
“basin of blood.” The patient admitted he was regularly using 
intravenous heroin and oral amphetamine. He also said he 
had smoked marijuana, phencyclidine, and crack cocaine 
just prior to admission. A chest x-ray showed bilateral alve- 
olar infiltrates, and bronchoscopy revealed diffuse alveolar 
hemorrhage. Which of the drugs he was taking most likely 
caused the hemorrhage? 

A. Heroin 

B. Ph encyclidine 
C Marijuana 

D. Amphetamine 

E. Crack cocaine 

Difficulty level: Easy 

26 . A 16-year-old girl attended a party with several friends. A 
drug was covertly slipped into her drink, and a friend then 
asked her to join him for a walk in the park. Afew hours later 
she was found with a contused face, bruises on her arms, 
and a torn dress. She stated she was unable to recall what 
had happened. Which of the following drugs was most likely 
put into her drink? 


A. LSD 

B. Im ip r amine 
C Phenobarbital 

D. Cocaine 

E. Heroin 

F. Gamma-hydroxybutyric acid 
Difficulty level: Medium 

27 . A 46-year-old homeless alcoholic man was brought to the 
emergency department in a confused and incoherent state. 
He constantly repeated that he could not see clearly because 
of“flickering white spots in front ofmy eyes.”He was breath- 
ing rapidly, appeared very anxious, and showed marked 
mydriasis and loss of pupillary reflex. Laboratory exams on 
admission showed a serum pH of 7.2. Which of the follow- 
ing syndromes most likely caused the patient’s signs and 
symptoms? 

A. Ethanol poisoning 

B. Ethanol withdrawal 
C Barbiturate poisoning 

D. Opiate withdrawal 

E. Amphetamine withdrawal 

F. Methanol poisoning 

Difficulty level: Medium 

28 . An 18-year-old male patient started smoking marijuana 
cigarettes 1 month ago. He was healthy and had no previous 
history of use of recreational drugs. Three years earlier, 
he was in a psychiatric hospital for 2 months because of a 
schizoaffective disorder that disappeared after neuroleptic 
therapy. The patient was at increased risk of which of the 
following cannabis-induced adverse effects? 

A. Depressive episode 

B. Atrioventricular block 
C Psychotic episode 

D. Irritable bowel syndrome 

E. Seizures 

Difficulty level: Medium 

29 . A 39-year-old man had been using many recreational drugs 
over several years. Which of the following drugs taken 
by this polydrug user is known to be devoid of physical 
dependence? 

A. Cocaine 

B. Ethanol 
G LSD 

D. Heroin 

E. Cannabis 

F. Phencyclidine 



Difficulty level: Medium 

30 . A 27-year-old man with a long history of drug abuse was 
brought unconscious to the emergency department. Vital 
signs were blood pressure 190/110mm Hg, pulse 150 beats/ 
min, rectal temperature 1 04°F (40°C). Pupils were mydriatic, 
and his skin was moist and cold. Twenty minutes later he 
experienced a tonic-clonic seizure, his respiration became 
shallow, and his systolic blood pressure fell to 50 mm Hg. 
Shortly afterward he died from cardiovascular collapse and 
ventricular fibrillation. Which of the following drugs most 
likely caused the patient’s death? 

A. Heroin 

B. Gamma-hydroxybutyric acid 
C Ketamine 

D. LSD 

E. Tetrahydrocannabinol 

F. Diazepam 

G. Cocaine 

Difficulty level: Hard 

31 . A 30-year-old woman came to the emergency department 
because she felt disassociated from her body, had no sense of 
her ego boundaries, and found that objects around her were 
grossly distorted. The woman, who had been a polydrug user 
for many years, had smoked three drugged cigarettes bought 
on the street. Physical examination showed blood pressure 
of 168/100 mm Hg, miosis, vertical and horizontal nystag- 
mus, sweating, and flushed skin. Which of the following is 
most likely the major mechanism of action of the drug that 
apparently caused the patient’s signs and symptoms? 

A. Inhibition of transmitter reuptake at noradrenergic 
synapses 

B. Activation of p (mu)-type opiate receptors 

C Activation of serotonergic presynaptic receptors 

D. Stimulation of the release of monoamines from the syn- 
aptic vesicles 

E. Blockade of NMDA subtype of glutamate receptors 
Difficulty level: Hard 

32 . A 16-year-old girl started feeling nervous and experienced 
mild nausea after taking a drug while at a party. One hour 
later she became hysterical, crying and yelling about being 
crazy. Two friends took her to the hospital. Physical exam- 
ination showed mydriasis but no nystagmus, mild tachycar- 
dia, blood pressure of 160/98 mm Hg, sweating, and tremor. 
She appeared very anxious and stated that she had a strong 
sense that the furniture in the room was alive and that sur- 
rounding sounds were colored. Which of the following drugs 
most likely caused the patient’s signs and symptoms? 


A. 

Cocaine 

B. 

Heroin 

C 

Cannabis 

D. 

Amyl nitrite 

E. 

Phencyclidine 

F. 

LSD 

Difficulty level: Medium 


33 . A 23-year-old man was brought to the emergency depart- 
ment by police for violent, combative behavior. Friends 
claimed he took some tablets of a recreational drug at a 
party. The patient appeared agitated, diaphoretic, and dis- 
oriented. His blood pressure was 170/100 mm Hg, pulse 130 
bpm, and temperature 101°F (about 38°C). His pupils were 
miotic, unreactive to light, and vertical and horizontal nys- 
tagmus was noted. Which of the following drugs most likely 
caused the patient’s signs and symptoms? 

A. Cocaine 

B. Heroin 

C Phencyclidine 

D. LSD 

E. Marijuana 

Difficulty level: Easy 

34 . A3-year-old boy was brought to the emergency department 
with severe vomiting after having ingested an antifreeze mix- 
ture containing ethylene glycol. Vital signs were blood pres- 
sure 70/40 (normal at age 3: 1 00/67), heart rate 115 bpm, 
respirations 22 breaths/min. Lab tests showed a plasma pH 
of 7.2 and oxalate crystals in the urine. An intravenous solu- 
tion of 10%ethanol was given. Which of the following state- 
ments best explains the purpose of ethanol treatment in this 
patient? 

A. It combines with ethylene glycol in blood, leading to an 
inert product. 

B. It prevents the absorption of ethylene glycol from the 
intestines. 

C It retards the oxidation of ethylene glycol to its toxic 
metabolites. 

D. It speeds up the metabolism of ethylene glycol by the 
liver. 

E. It speeds up the elimination of ethylene glycol by the 
kidneys. 

Difficulty level: Medium 

35 . A 24-year old man, who had started smoking marijuana 5 
years ago, had been smoking 5 to 10 marijuana cigarettes 
daily and occasionally self- injecting pure hashish oil. The 
man was most likely at increased risk of which of the follow- 
ing adverse events? 



A. Death from parenteral injection of hashish oil 

B. Death from acute cannabis withdrawal 
C Colon cancer 

D. Driving or work accidents 

E. Alzheimer disease 

Difficulty level: Easy 

36 . A 32-year-old man was brought to the emergency depart- 
ment after taking a large amount of ecstasy at a rave party. 
Physical examination showed a confused and agitated pa- 
tient with profuse sweating, jaw clenching, muscle twitch- 
ing and rigidity, and temperature of 103.8°F (39.8°C). Vital 
signs were blood pressure 170/98 mg Hg, pulse 115 bpm, 
respirations 22/min. Blood analysis showed the presence 
of methylenedioxymethamphetamine (MDMA). Which of 
the following neurotransmitters most likely mediated the 
effects of the drug in this patient? 

A. Acetylcholine 

B. Serotonin 

C Norepinephrine 

D. Gamma-aminobutyric acid (GABA) 

E. Glutamate 

F. Dopamine 

Difficulty level: Easy 

37. An 1 8-year-old male patient who had never previously drunk 
a large amount of alcohol was brought unconscious to the 
emergency department after drinking whiskey in a betting 
game at a party. His alcohol level on admission was 5 mg/mL. 
The volume of distribution of ethanol is about 45 L. Which 
of the following (in grams) was most likely the quantity of 
alcohol present in the patient’s body? 

A. 100 

B. 225 
C 300 

D. 355 

E. 400 

F. 425 

Difficulty level: Easy 

38 . A24-year-old woman who had never previously used recre- 
ational drugs took one tablet of LSD at a party. The central 
nervous system (CNS) effects of this drug are primarily re- 
lated to the activation of which of the following receptor 
types in the CNS? 

A. GABAergic 

B. Muscarinic 
C Nicotinic 

D. Serotoninergic 

E. Noradrenergic 

F. Glutamatergic 


Difficulty level: Medium 

39 . A34-year-old man with a long history ofdrug abuse came to 
the hospital complaining of severe somnolence, ravenous ap- 
petite, headache, depression, and lack of motivation. He said 
he failed to get a supply of the drug he was used to taking 
and repeatedly asked the doctor to give him that drug to re- 
duce his symptoms. Withdrawal from which ofthe following 
drugs may have caused these symptoms? 

A. Heroin 

B. Ph encyclidine 
C Diazepam 

D. Amphetamine 

E. Ethanol 

Difficulty level: Medium 

40 . A 55-year-old woman with a long history of severe alcohol- 
ism was admitted to the hospital because of deterioration of 
her general status. Physical examination and lab tests con- 
firmed advanced liver cirrhosis. Which of the following was 
most likely another disease found in this patient? 

A. Stomach cancer 

B. Pulmonary emphysema 
C Renal insufficiency 

D. Ulcerative colitis 

E. Dilated cardiomyopathy 

F. Vasospastic angina 

Difficulty level: Easy 

41 . A 57-year-old homeless man was brought to the emergency 
department by the police, who had found him wandering 
the streets. The man had a long history of alcoholism; he 
also abused various inhalants when he did not have money 
to buy alcohol. He admitted that almost daily over the past 
3 months, he had inhaled a drug supplied by a local vendor 
in cartridges because it was much cheaper than alcohol. 
Pertinent findings on physical examination included muscle 
weakness, unsteady gait, vibratory sense loss on lower ex- 
tremities, and hyperalgesia. Which of the following drugs 
most likely caused the patient’s syndrome? 

A. Amyl nitrite 

B. Nitrous oxide 
C Propane 

D. Helium 

E. Isoflurane 



Difficulty level: Easy 

42. A 1 0-year-old boy was brought by his mother to their family 
physician’s office because she realized that recently the 
boy’s behavior had changed. Careful inquiry by the physician 
eventually made the boy admit he had started sniffing some 
paint thinners and stain removers, following a friend’s sug- 
gestion. The pattern of effects caused by these inhalants is 
most similar to that caused by which of the following drugs? 

A. LSD 

B. Cocaine 
C Morphine 

D. Amphetamine 

E. Ethanol 

Difficulty level: Easy 

43. A 23-year-old man was found dead at home by his room- 
mate. The roommate said they were at a party the night be- 
fore and went home at about 3:00 a.m. He also reported that 
the patient was a drug user and tried different drugs from 
time to time. Autopsy showed a blood level of morphine 
substantially lower than the estimated minimum lethal con- 
centration of the drug. The pathologist was quite sure that 
the death was caused by the concomitant administration of 
another drug. Which of the following was most likely the 
other drug involved in the patient’s death? 


A. Marijuana 

B. LSD 

C Ethanol 

D. Amphetamine 

E. Methylphenidate 

Difficulty level: Medium 

44. A 16-year-old boy was brought by his friends to the emer- 
gency department because he felt a general malaise, strong 
headache, and nausea and asked for medical assistance. His- 
tory revealed that 6 hours earlier, the boy, who had never 
previously used recreational drugs, smoked two drugged 
cigarettes at a party. Physical examination showed an agi- 
tated and talkative patient with mydriasis, muscle twitch- 
ing, and a fine hand tremor. Vital signs were blood pressure 
1 60/95 mm Hg, pulse 1 1 5 bpm, respirations 24/min. Which 
of the following drugs most likely caused the patient’s signs 
and symptoms? 

A. Cocaine 

B. Marijuana 
C LSD 

D. Amphetamine 

E. Heroin 

F. Ketamine 


Answers and Explanations: HI-1 Introduction to Central Nervous System 
Pharmacology 


Learning objective: Describe the signs and symptoms mediated 
by the blockade of cholinergic receptors. 

1. C Ingestion of plants and berries by children is one of the top 
reasons for calls to poison control centers. The child most 
likely ate some black berries from Atropa belladonna , a plant 
common in the woods. The berries contain atropine, an anti- 
muscarinic drug. The boy’s symptoms are classic for atropine 
poisoning. 

A, B, D-G See correct answer explanation. 

learning objective: Identify the brain area that is most likely the 
main target for the therapeutic effect of clonidine in nicotine 
withdrawal. 

2. CMost noradrenergic neurons in the brain are found in the 
locus ceruleus, a bluish area on each side of the median emi- 
nence of the brainstem. The locus ceruleus sends a large 
number of projections to the amygdala and hippocampus, 
where norepinephrine release is thought to mediate emotion 
and memory formation. Another brain region that is rich in 


noradrenergic neurons is the lateral tegmental area of the 
reticular formation. The drug taken by the patient was most 
likely clonidine. The drug activates presynaptic a 0 receptors 
located on noradrenergic terminals, which in turn decreases 
norepinephrine release from those terminals. It seems that 
this reduction of central adrenergic activity is the basis of 
the therapeutic effect of the drugs for treatment of with- 
drawal from addicting drugs, including nicotine and opioids. 

A, B, D-F See correct answer explanation. 

learning objective: Identify the brain area richest in histaminergic 
neurons. 

3. F Histamine and antihistamines have long been known to 
produce significant effects on animal behavior. Biochemical 
detection of histamine synthesis by neurons and direct cyto- 
chemical localization ofthese neurons have defined the hista- 
minergic system in the central nervous system. Most ofthese 
neurons are located in the ventral posterior hypothalamus. 
They give rise to long ascending and descending tracts that 




are typical of the patterns characteristic of other aminergic 
systems. The central histaminergic system is thought to affect 
arousal (Hj antagonists cause drowsiness), attention, feeding, 
thermoregulation, and vascular dynamics. 

A-E See correct answer explanation. 

learning objective: Describe the postreceptor mechanism of acti- 
vation of GABAg receptors. 

4. A The patient was most likely receiving baclofen, a spasmo- 
lytic drug that likely acts by activating GABA b receptors. This 
activation most likely opens K + channels, thus increasing cell 
membrane stabilization. 

B-E See correct answer explanation. 

learning objective: Identify the neurotransmitter involved in the 
therapeutic action of hypnotic drugs. 

5. D Most drugs used to relieve insomnia (z-hypnotics, benzodi- 
azepines, etc.) are GABAergic drugs; that is, they increase the 
activity of GABA, the most abundant inhibitory neurotrans- 
mitter in the brain. 

A-C, E, F Currently, drugs acting on these neurotransmitter 
systems are not used to treat insomnia. 

Learning objective: Identify the brain receptors that can mediate 
excitotoxicity. 

6. D Excitotoxicity is the pathologic process by which nerve 
cells are damaged and killed by excessive stimulation by neu- 
rotransmitters such as glutamate and similar substances. This 
occurs when receptors for glutamate, such as the TV-methyl- 
d-aspartate (NMDA) receptors and a-amino-3-hydroxy-5- 
methylisoxazole-4-propionic acid (AMPA) receptors, are over- 
activated. This activation allows high levels of calcium ions to 
enter the cell. Ca 2+ influx into cells activates a number of en- 
zymes, including phospholipases, endonucleases, and pro- 
teases, which go on to damage cell structures. 

A, B, E, F These receptors do not cause excitotoxicity. 

C Like most presynaptic receptors, presynaptic NMDA re- 
ceptors regulate the release of neurotransmitters and do not 
alter Ca 2+ influx into the target neurons. 

learning objective: Identify the neurotransmitters most likely in- 
volved in the pathogenesis of major depressive disorder. 

7. E The patient’s symptoms indicate that she was most likely 
suffering from a major depressive disorder. Both the seroto- 
nergic and noradrenergic systems are most likely involved in 
the pathogenesis of major depressive disorder. This conclu- 
sion derives mainly from the fact that most currently avail- 
able antidepressants have their primary action on the central 
adrenergic and/or the central serotonergic system. 

A-D, F See correct answer explanation. 


learning objective: Identify the enzyme that represents the rate- 
limiting step in serotonin biosynthesis. 

8. C Serotonin is synthesized by a two-step pathway from the 
essential amino acid tryptophan. Tryptophan hydroxylase, 
a mixed function oxidase enzyme, is the rate-limiting step 
in serotonin biosynthesis. It converts tryptophan into 5-hy- 
droxytryptophan, which is then converted into serotonin by 
the aromatic L-amino acid decarboxylase, an enzyme widely 
distributed and with low substrate specificity. 

A, B, D, E See correct answer explanation. 

learning objective: Identify the neurotransmitter most likely in- 
volved in the rewarding effect of most abused drugs. 

9. F Acute rewarding effects of most abused drugs are thought 
to be mediated by an increase in synaptic levels of dopamine 
in the nucleus accumbens. This nucleus, located within the 
striatum, seems to play an important role in reward, plea- 
sure, and addiction. Therefore, dopamine is thought to be 
substantially involved in drug abuse and addiction. 

A-E, G See correct answer explanation. 

Learning objective: Describe the pharmacological actions of a 
drug that may be effective in the therapy of Alzheimer disease. 

10. EThe most striking neurochemical disturbance in Alzheimer 
disease (AD) is a deficiency of acetylcholine. The anatomical 
basis of the cholinergic deficit is atrophy and degeneration 
of subcortical cholinergic neurons, particularly those in the 
basal forebrain (nucleus basalis of Meynert) that provide 
cholinergic innervation to the cerebral cortex. The selective 
deficiency of acetylcholine in AD, as well as the observation 
that central cholinergic antagonists such as atropine can 
induce a confusional state that bears some resemblance to 
the dementia of AD, has given rise to the “cholinergic hy- 
pothesis,” which proposes that a deficiency of acetylcholine 
is critical in the genesis of the AD symptoms. Although the 
“cholinergic deficiency syndrome” provides a useful frame- 
work, it is important to note that the deficit in AD is far more 
complex. Nevertheless, drugs causing augmentation of 
cholinergic transmission are currently the mainstay of AD 
treatment. 

C Recent experimental research points out that in AD 
there is a deficiency in GABAergic neurotransmission and 
that increasing GABA availability could improve AD. How- 
ever, no GABAergic drug has been approved yet for this 
indication. 

A-D See correct answer explanation. 




learning objective: Identify the two neurotransmitters that are 
thought to be most involved in seizure disorders. 

11. B Epilepsy is a chronic recurrent disorder of cerebral func- 
tion that is characterized by repeated seizures. The essence 
of epilepsy is probably a chronic low seizure threshold that 
can be due to several mechanisms. Aleading proposed mech- 
anism is that the cause of seizures is either the attenuation 
of pre- and/or postsynaptic inhibition (mainly due to a ge- 
netic or postpathologic hypofunction of GABA neurons) or 
an increased effectiveness of excitatory synapses (mainly 
due to a genetic or postpathologic hyperfunction of gluta- 
mate neurons). 

A, C-F See correct answer explanation. 

learning objective: Identify the neurotransmitter most likely in- 
volved in the pathogenesis of catatonic schizophrenia. 

12. D The patient is most likely suffering from the catatonic sub- 
type of schizophrenia, which is characterized by motor im- 
mobility and abnormal posture maintained for a long time 
(so-called waxy flexibility). A number of theories related 
to major neurotransmitter systems have been proposed to 
explain the symptoms of schizophrenia. Of these, the dopa- 
mine hypothesis states that the illness results from an exces- 
sive dopaminergic activity in mesolimbic and mesocortical 
pathways. The dopamine hypothesis is the most fully devel- 
oped and is supported by several lines of evidence, including 
the fact that most antipsychotic drugs block dopamine D 0 
receptors, and there is a very good correlation between clin- 
ical potency of these drugs and their in vitro affinity for 
these receptors. Two other major hypotheses of schizophre- 
nia are the serotonin hypothesis (it is known that alteration 
in serotonergic functioning affects multiple neurotransmit- 
ter systems) and the glutamate hypothesis, which proposes 
a hypofunctional glutamate system in schizophrenia. 

A-C, E See correct answer explanation. 

Learning objective: Describe the pharmacological actions of a 
drug that maybe effective in the therapy of Parkinson disease. 

13. C Parkinson disease (PD) is characterized by a loss of the 
neurons in the substantia nigra that provide dopaminergic 
innervation to the striatum. Most drugs effective in PD can 
either increase the availability of dopamine or directly acti- 
vate dopaminergic receptors. Another group of drugs that 
have a modest antiparkinsonian action are antimuscarinic 
drugs. In PD, the loss of dopamine-producing neurons re- 
sults in a loss of the balance that normally exists between 
acetylcholine and dopamine-mediated neurotransmission. 
The anticholinergic agents work by blocking excitatory cho- 
linergic striatal interneurons, thereby minimizing the effect 
of the relative increase in cholinergic sensitivity. Taking into 
account these findings, a drug able to increase the availability 


of dopamine and to decrease the availability of acetylcholine 
should be quite effective in the treatment ofPD. 

A, B, D, E See correct answer explanation. 

Learning objective: Identify the brain area that is the richest in 
cholinergic neurons. 

14. AThe primary concentration of cholinergic neuron cell bod- 
ies is in the basal nucleus of Meynert, a group of neurons in 
the substantia innominata of the basal forebrain that have 
wide projections to the neocortex. These cholinergic neurons 
have a number of important functions, in particular with 
respect to memory. A severe neuronal loss in the nucleus of 
Meynert has been found in Alzheimer disease, in vascular 
dementia, and in the dementia accompanying Parkinson dis- 
ease. Occasional involvement is present in other dementing 
illnesses. 

B-F See correct answer explanation. 

Learning objective: Identify the neurophysiological action that 
most likely mediated the therapeutic effect of drugs used for gen- 
eralized anxiety disorders. 

15. AThe prescribed drug was most likely a selective serotonin 
reuptake inhibitor. Drugs of this class are first-line agents 
for anxiety disorders. Their therapeutic effect is most likely 
related to their inhibition of the serotonin transporter that 
mediates the reuptake of serotonin into serotonergic ter- 
minals. As a consequence, serotonergic transmission is 
increased. 

B-F See correct answer explanation. 

foaming objective: Identify the neurotransmitter of pyramidal 
motor neurons. 

16. B Pyramidal neurons are excitatory projection neurons that 
use glutamate as the main neurotransmitter. A lesion of 
these neurons affects glutamatergic transmission to the lower 
motor neurons. 

A, C-E See correct answer explanation. 

learning objective: Identify the neurotransmitter that most likely 
mediates obsessive -compulsive disorders. 

17. D The patient’s symptoms indicate that she was most likely 
suffering from an obsessive-compulsive disorder (OCD) and 
was prescribed a selective serotonin reuptake inhibitor. A 
wealth of research has attempted to identify a specific bio- 
logical explanation for OCD. One leading hypothesis has fo- 
cused on the role of serotonin (5-hydroxytryptamine, 5-HT) 
dysfunction, which is supported by the fact that the only ef- 
fective drug treatments for OCD primarily influence 5-HT 
transmission. However, the exact role of 5-HT underlying 
OCD has not been determined. 

A-C, E, F See correct answer explanation. 




learning objective: Identify the central nervous system neuro- 
transmitter that generates only inhibitory postsynaptic potentials. 

18. D GABA is a neurotransmitter that can generate only IPSPs 
by activating GABA receptors. GABA a receptors are iono- 
tropic; their activation opens ligand-activated CE channels, 
increasing inward Crconductance. GABA b receptors are me- 
tabotropic; their activation opens voltage-gated K + channels, 
increasing outward K + conductance. In both cases, the intra- 
cellular environment becomes more negative, thus inducing 
cell membrane stabilization. 

A-C, E All of these neurotransmitters can activate both 
excitatory and inhibitory receptors. 

Learning objective: Identify the brain transmission system that 
targets N-methyl-d -aspartate (NMDA) receptors. 

19. GGlutamate is an important excitatory neurotransmitter in 
the brain. Glutamate receptors include NMDAand a-amino- 
3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA) re- 
ceptors. Drugs such as felbamate that seem to act by blocking 
these receptors can be used effectively as anticonvulsants. 

A-E These systems are not exclusively excitatory; there- 
fore, drugs affecting these systems are not used as anti- 
convulsants. 

F The GABAergic system is central inhibitory. Drugs that 
increase the activity of this system, such as benzodiazepines 
and barbiturates, are currently used as anticonvulsants. 


Learning objective: Identify the main neurotransmitters that act 
to decrease pain signaling. 

20. F Opioid peptides, norepinephrine, and serotonin are the 
three major neurotransmitters that act in the central nervous 
system (CNS) to decrease pain signaling, thus producing an- 
algesia. Endogenous opioids are released at several CNS sites 
in response to noxious stimuli, including the spinal cord, the 
thalamus, and the cortex. Endogenous opioids can also mod- 
ulate pain transmission indirectly by activating the follow- 
ing pathways that descend from the brainstem to the dorsal 
horn: 

• A noradrenergic pathway from the locus ceruleus. Nor- 
epinephrine released from these projections in the spinal 
cord activates a 0 receptors (the primary receptors for nor- 
epinephrine in the CNS) located on nociceptive neurons 
of the dorsal horn. This activation causes hyperpolariza- 
tion of the neuron, inhibiting nociceptive transmission. 

• A serotonergic pathway from the raphe nuclei. Serotonin, 
released from these projections in the spinal cord, activates 
serotonergic receptors located on nociceptive neurons of 
the dorsal horn. This activation causes hyperpolarization 
of neurons, inhibiting nociceptive transmission. 

A-E See correct answer explanation. 
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Answers and Explanations: HI-2 Sedative and Hypnotic Drugs 


Questions 1-6 

1 B 

2. D 

3. J 

4. I 

5. G 

6. B 


Learning objective: Explain the benzodiazepine-induced variation 
in CE current in the GABA a receptor-chloride ion channel macro- 
molecular complex. 

7. B Benzodiazepines bind to receptors located at the interface 
between a and y subunits of the GABA a receptor-chloride ion 


channel macromolecular complex. The binding increases the 
affinity of the GABA a receptor for GABA, which in turn causes 
an increased frequency of chloride channel opening. Because 
extracellular chloride concentration is about 120 mM, and in- 
tracellular chloride concentration is about 20 mM, chloride 
channel opening will increase inward CE current. This in turn 
will increase the negative charges inside the cell, causing hy- 
perpolarization of the cell membrane. 

A, C-E Benzodiazepines do not affect these currents. More- 
over, all of these actions would cause depolarization, not 
hyperpolarization, of cell membranes. 



learning objective: Describe the main adverse effects of benzo- 
diazepines. 

8. C Today selective serotonin reuptake inhibitors (SSRIs) are 
first-line agents for generalized anxiety disorder, but be- 
cause they have a slow onset of action, a benzodiazepine is 
often given concomitantly for the first few days to provide 
acute relief of symptoms when anxiety is severe and in- 
cludes a suicide risk (patient wanted to die). Sedation and 
drowsiness are adverse effects that occur in more than 50% 
ofpatients on long- or medium-acting benzodiazepines. They 
represent an extension of pharmacological effects and are 
dose-related. Tolerance (at least partial) to these effects usu- 
ally occurs after 2 to 3 weeks of use. Drowsiness can occur in 
about 10%of patients taking sertraline. 

A These effects are not common (they occur in 2 to 5%of 
patients taking benzodiazepines). 

B, D Th ese effects occur only with high doses of benzo- 
diazepines. 

E Benzodiazepines improve the quality of sleep, and early 
awakening is unlikely with long- and medium-acting com- 
pounds. Nightmares with sertraline are exceedingly rare. 

Learning objective: Describe the therapeutic uses ofbuspirone. 

9. F Buspirone is considered a second-line agent for generalized 
anxiety disorders because of inconsistent reports of long- 
term efficacy. However, it can be the appropriate drug in pa- 
tients who fail other anxiolytic therapies or in patients with 
a history of substance abuse, as in this case. 

A, CBenzodiazepines can cause dependence and therefore 
are contraindicated in a person with a past history of sub- 
stance abuse. 

B Selective serotonin reuptake inhibitors are drugs of choice 
for anxiety disorders but are relatively contraindicated in this 
patient because of the recent episode of sexual dysfunction. 

D, E Neuroleptics, such as haloperidol, and lithium have 
negligible anxiolytic properties. 

Learning objective: Describe the mechanism of action of flu- 
mazenil. 

10. EFlumazenil is a competitive benzodiazepine (BDZ) receptor 
antagonist that can block both the effects of BDZ and those 
of p-carboline derivatives, the inverse agonists at BDZ re- 
ceptors. It can also block the effects of z-hypnotics but does 
not antagonize those of other central nervous system de- 
pressants (barbiturates, buspirone, ethanol, etc.). It is used 
clinically to counteract excessive effects of BDZ, as in this 
case. Because it can cause several (and sometimes serious) 
unwanted effects, it is not currently used in case of BDZ 
poisoning. 

A, B, C, D See correct answer explanation. 


foaming objective: Describe the main contraindication for benzo- 
diazepines. 

11. D Because of their muscle relaxant properties, benzodiaze- 
pines are relatively contraindicated in myasthenia gravis. 

A-C, E All of these agents are first- or second-choice drugs 
in treating generalized anxiety disorder. They lack muscle 
relaxant activities and therefore are not contraindicated in 
myasthenic patients. 

learning objective: Explain the mechanism of action of melatonin. 

12. C Melatonin receptors are thought to be involved in main- 
taining circadian rhythms underlying the sleep-wake cycle. 
Ramelteon, a novel hypnotic drug prescribed specifically for 
sleep-onset insomnia, is an agonist at melatonin receptors 
located in the suprachiasmatic nuclei of the brain. 

A, B, D, E See correct answer explanation. 

learning objective: Explain the concept of redistribution of 
benzodiazepines. 

13. C Redistribution of a drug from its site of action into other 
tissues or sites is a main factor in terminating drug effect, 
primarily when a highly lipid-soluble drug that acts on the 
brain is administered rapidly by intravenous (IV) injection. 
Agood example of this is the use of IV injection of diazepam 
(a highly lipid-soluble drug) to induce loss of consciousness. 
Because blood flow to the brain is so high, the drug reaches 
its maximal concentration in the brain within 1 minute of 
its IV injection. After the injection is concluded, the plasma 
concentration falls as diazepam diffuses into other tissues, 
such as muscle. 

A, D Diazepam is extensively metabolized in the liver (not 
in the brain) to desmethyldiazepam and oxazepam. Both 
metabolites are active. Therefore, biotransformation cannot 
explain the short action of the drug. 

BThe renal excretion of diazepam is about 1% 

E Tolerance can develop to the action of benzodiazepines, 
but only after a chronic treatment of several days. 

Learning objective: Describe benzodiazepine -induced anterograde 
amnesia. 

14. C A classical effect of benzodiazepines (mainly when high 
doses are given to induce conscious sedation) is antero- 
grade amnesia, that is, loss of memory for events occurring 
during the drug’s duration of action. The effect is exploited 
therapeutically, because the patient cannot remember the 
unpleasant sensations felt during endoscopic or surgical 
procedures, as in this case. 

ABenzodiazepines have very mild antiemetic properties. 

B, D Benzodiazepines tend to cause effects opposite to 
those listed. 

E Delusion and hallucinations are exceedingly rare effects 
of benzodiazepines. 




learning objective: Explain the molecular mechanism of act ion of 
benzodiazepines. 

15. D The patient most likely received a short-acting benzodiaz- 
epine, such as alprazolam, a drug used in the surgical setting 
for the rapid relief of agitation in postoperative patients. 
Benzodiazepines increase the frequency of chloride channel 
opening, thus making the resting membrane potential of 
GABA interneurons more negative in several brain areas. 

A-C, E, F All of these drugs can cause, directly or indirectly, 
neuronal membrane hyperpolarization (i.e., more negative 
resting membrane potential), but they are not used for rapid 
relief of postsurgical agitation. 

Learning objective: Identify the drug that binds to the a 1 subunit 
of GABA a receptors. 

16. A Benzodiazepines (mainly diazepam and lorazepam) are 
first-line agents for the emergency treatment of status epi- 
lepticus. They bind to receptors located at the a subunit of 
the GABA a receptor-chloride ion channel macromolecular 
complex, near the interface between a and y subunits. GABA a 
receptors in different areas of the central nervous system 
consist of different isoforms containing five different a sub- 
units (a ! , 2 , 3 , 4 , and 5 ). Benzodiazepines can bind to many 
of these subunits. 

B, C Zolpidem and flumazenil bind to a subunits of GABA 
receptors, but they are not used as anticonvulsants. 

D, E Phenytoin and valproic acid are used as anticonvul- 
sants, but they do not bind GABAreceptor components. 

Learning objective: Describe the action of benzodiazepines upon 
sleep architecture. 

17. B Benzodiazepines alter sleep architecture and stages. They 
decrease sleep latency and decrease awakening during the 
night. All other effects on sleep are opposite to those listed. 
Benzodiazepines are less frequently used today for insomnia 
because of the risk of dependence. Experts agree that these 
drugs should be used at the lowest effective dose for the 
shortest duration possible. 

A, C-E See correct answer explanation. 

learning objective: Describe the main adverse effects of benzo- 
diazepines. 

18. B The patient had most likely taken temazepam, a benzo- 
diazepine often used by practicing physicians to treat in- 
somnia. Elderly people are more sensitive to the depressive 
effects of these drugs, and the daily dose can easily be mis- 
taken, if the drug is taken without strict supervision, as in 
this case. 

A, C Zolpidem and ramelteon have very short half-lives, so 
they are less prone to cause daytime sedation. 

D-F Chlorpromazine, buspirone, and phenobarbital are 
not prescribed as hypnotics. 


foaming objective: Explain why a chronic benzodiazepine treat- 
ment can increase the risk of fall in the elderly. 

19. CThe link between benzodiazepine use and falls is well doc- 
umented and may result from balance impairment, seda- 
tion, and muscle relaxant effects. Although tolerance can 
develop to these benzodiazepine actions, elderly people may 
experience persistent impairment. The chronic use of ben- 
zodiazepines is therefore relatively contraindicated in the 
elderly. 

A, B, D, E These drugs do not increase the risk of fall- 
related fractures. 

Learning objective: Describe the pharmacological effects of 
barbiturates. 

20. D The man most likely suffered from epilepsy, and pheno- 
barbital was added to his pharmacotherapy. Phenobarbital is 
a barbituric acid derivative and is considered a second-line 
agent in epilepsy. All barbiturates can offset convulsions 
when given at doses that cause loss of consciousness, but 
phenobarbital has anticonvulsant properties even in doses 
that do not affect alertness. 

A-C Barbiturates are devoid of antidepressant, antipsy- 
chotic, or antiparkinson properties. 

E Although barbiturates are still included in analgesic 
combinations, they are devoid of analgesic properties, and 
they actually may worsen a patient’s perception of pain. 

Learning objective: Describe the therapeutic uses of benzo- 
diazepines. 

21. D In addition to the anxiolytic effect, benzodiazepines given 
at high doses can cause anterograde amnesia, that is, impair- 
ment of memory for events occurring after the administra- 
tion of the drug. This action is particularly useful when the 
patient has to undergo a disturbing diagnostic procedure, as 
in this case. Because the intervention is brief, a short-acting 
benzodiazepine such as oxazepam is most appropriate. 

A Buspirone is an anxiolytic drug, but the effect develops 
slowly (in 1 to 2 weeks), and anterograde amnesia does not 
occur. 

B, C, E These drugs cause negligible anxiolytic effects and 
negligible anterograde amnesia. 

Learning objective: Describe the interaction between benzodiaze- 
pines and ethanol. 

22. B Poisoning by benzodiazepines, such as diazepam, is usu- 
ally not life-threatening but can be very serious when these 
drugs are combined with alcohol because of the additive 
depressant effects on the central nervous system. 

A, C-F These drugs do not cause additive sedative effects 
when given concomitantly with alcohol. 




Learning objective: Describe the main contraindication of 
benzodiazepines. 

23. A Sleep apnea is a breathing disorder characterized by fre- 
quent and prolonged (more than 15 seconds) pauses in 
breathing that occur during sleep. Typical symptoms of sleep 
apnea include alteration in sleep pattern with loud snoring, 
excessive daytime sleepiness, and severe shortness of breath 
on exertion. In sleep apnea, the sensitivity of the respiratory 
center to carbon dioxide is decreased. Sedative-hypnotics 
drugs are generally contraindicated in this disorder, as they 
further decrease the sensitivity of the respiratory center to 
hypercapnia. 

B-E All of these drugs have been used in sleep apnea with 
modest results. 

Learning objective: Outline the anticonvulsant and muscle relax- 
ant uses ofbenzodiazepines. 

24. F All benzodiazepines have anticonvulsant and muscle re- 
laxant activity. The latter is at least partly related to the 
enhancement of GABA- induced inhibition of synaptic trans- 
mission in the spinal cord, because they are effective in pa- 
tients with cord transection. Because the condition of the 
patient is a chronic one, a long-acting benzodiazepine is 
most appropriate. 

A-E All of these drugs are devoid of muscle relaxant 
properties. 

Learning objective: Describe the hypnotic uses of benzo- 
diazepines. 

25. B The patient’s symptoms indicate that he is suffering from 
insomnia characterized by difficulty in maintaining sleep 
during the night because of nightmares. A benzodiazepine 
hypnotic is preferable in this patient because of the need for 
anxiolytic effect in addition to hypnotic efficacy. Moreover, 
benzodiazepines tend to decrease slow-wave sleep that is 
commonly associated with nightmares. A medium-acting 
benzodiazepine, such as temazepam, which can maintain 
sleep throughout the night, would be appropriate for this 
patient. 

A, C-E These drugs are devoid of hypnotic properties. 

Learning objective: Describe the use ofbenzodiazepines in panic 
attacks. 

26. D The patient’s symptoms indicate that she was most likely 
suffering from a panic disorder. A selective serotonin re- 
uptake inhibitor (SSRI), such as sertraline, is an appropriate 
first-line treatment for most patients with panic disorder. 
However, patients with severe or distressing symptoms may 


initially require concurrent benzodiazepine therapy that 
provides quick relief until the therapeutic effects of the SSRI 
are evident. 

A-C, ENone of these drugs are effective in panic disorders. 

learning objective: Describe the use ofbenzodiazepines in etha- 
nol withdrawal. 

27. FThe time-honored principle of treating an abstinence syn- 
drome with an agent to which the abused drug induces 
cross-tolerance holds for ethanol as well. Along-acting ben- 
zodiazepine, such as diazepam, is the drug most commonly 
used in alcohol withdrawal, but a short-acting agent such as 
oxazepam can be administered every 4 to 6 hours according 
to the stage and severity of withdrawal. Theoretically, etha- 
nol itself should be effective but is never used because of its 
short duration of action and its narrow range of safety. 

A-E See correct answer explanation. 

Learning objective: Explain the zolpidem-induced increase in CE 
conductance in the GABA a receptor-chloride ion channel macro- 
molecular complex. 

28. B Z-hypnotics (zolpidem, zaleplon, and eszopiclone) bind 
selectively to the a l subunit of the GABA a receptor-chloride 
channel complex. This selectivity may account for their rela- 
tive lack of effect on sleep architecture and stages, as well as 
for the negligible anxiolytic, anticonvulsant, and muscle re- 
laxant properties. The binding increases the GABA-mediated 
opening of CE channels, leading to an increase in CE conduc- 
tance. The enhanced concentration of CE inside the cell 
causes hyperpolarization of the cell membrane. 

A, C-E See correct answer explanation. 

Learning objective: Describe the therapeutic uses of eszopiclone. 

29. C Nonbenzodiazepines acting on GABA receptors (the so- 
called Z-hypnotics) are currently preferred to treat insom- 
nia, because they do not alter sleep architecture and stages, 
do not have significant anxiolytic or anticonvulsant proper- 
ties, and have a lower risk of dependence compared to the 
short-acting benzodiazepines. The choice of hypnotic drugs 
depends on the type of insomnia presented by the patient. 
When there is difficulty in falling asleep, a short-acting drug 
is appropriate; when there is difficulty in maintaining sleep 
during the night, a medium-acting drug such as eszopiclone 
(t y 4-7 h) is appropriate, as in this case. 

A Flunitrazepam is a long-acting benzodiazepine and is 
therefore not appropriate as a hypnotic because ofthe risk of 
daytime sedation and drowsiness. 

B, D-F These drugs have negligible hypnotic activity. 




learning objective: Describe the interaction between barbiturates 
and benzodiazepines. 

30. C Benzodiazepines do not cause significant respiratory de- 
pression when given alone, but they can do so when they are 
given with other central nervous system depressants. In this 
case, the attending physician most likely did not take a de- 
tailed history and thus overlooked the antiepileptic therapy 
of the patient. Because of the interaction between pheno- 
barbital and diazepam, the patient underwent severe respi- 
ratory depression. 

A, B, D-F These drugs are not used for the rapid relief of 
acute anxiety symptoms. 
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Answers and Explanations: HI-3 General Anesthetics 


Questions 1-5 

1 B 

2. D 

3. F 

4. C 

5. G 

learning objective: Explain the meaning of the minimum alveolar 

concentration of inhalational anesthetics. 

6. D During general anesthesia, the partial pressure of an anes- 
thetic in the brain equals that in the lung when equilibrium 
is reached. Therefore, the measurement of the steady-state 
alveolar concentration of different anesthetics provides a 
measure of their relative potencies. The minimum alveolar 
concentration (MAC) is defined as the alveolar concentration 
of the anesthetic that results in the immobility of 50%of pa- 
tients when exposed to a supramaximal noxious stimulus. 
Thus, MAC represents the ED 50 on a conventional quantal 
dose-response curve and is therefore a measure of the po- 
tency of the inhaled anesthetic: the lower the MAC, the higher 
the potency. The speed of induction is a pharmacokinetic 
parameter and can tell us nothing about the potency of a drug 
(a pharmacodynamic parameter). 

A-C, E See correct answer explanation. 

Learning objective: Describe the adverse effects ofhalothane. 

7. D Halothane can cause cardiac arrhythmias because it in- 
creases the automaticity of the heart and sensitizes the heart 
to catecholamines. Other halogenated anesthetics are less 
likely to produce cardiac arrhythmias. 

A-C, E See correct answer explanation. 


Learning objective: Describe the pharmacological effects of ni- 
trous oxide. 

8. B In subanesthetic concentrations, nitrous oxide can induce 
a euphoric state accompanied by very good analgesia. For 
this reason, it is frequently used as an analgesic in minor or- 
thopedic and dental procedures that do not require general 
anesthesia, as in this case. 

A Muscle relaxation with nitrous oxide is negligible. 

C Unconsciousness cannot be achieved with nitrous oxide 
alone even when given at 1 00%concentration in the inspired 
air. 

D Blood pressure is well maintained by nitrous oxide be- 
cause the direct depressant effect upon the heart is counter- 
acted by sympathetic stimulation. 

E Respiration is minimally affected by nitrous oxide. 

Learning objective: Describe the mechanism of action of 
barbiturates. 

9. D Ail barbiturates increase the affinity of GABA for GABA a 
receptors, but unlike benzodiazepines, when given at high 
doses they can enhance Cl“ channel opening in the absence 
of GABA. Because the dose of thiopental was high enough to 
lose consciousness, the mechanism of this action was most 
likely an enhancement of Cl - channel opening in the absence 
of GABA. 

A-C, E See correct answer explanation. 

learning objective: Explain why propofol is preferred for general 
anesthesia in patients at high risk of vomiting. 

10. D Propofol is an intravenous anesthetic with an onset and 
duration of anesthesia similar to that of thiopental. It is the 
only anesthetic with antiemetic action, so it is the preferred 
drug in patients at high risk of nausea and vomiting, as in 
this case. 

A-C, E See correct answer explanation. 




learning objective: Explain why another inhalational anesthetic is 
added to nitrous oxide to maintain general anesthesia. 

11. B Unconsciousness, which is usually achieved with thiopen- 
tal, cannot be maintained with nitrous oxide alone (the drug 
has a minimum alveolar concentration higher than 100%), 
and therefore another potent anesthetic is needed. More- 
over, nitrous oxide has negligible effects on skeletal muscle 
tone, so a halogenated anesthetic is given with it most of the 
time (all halogenated anesthetics cause relaxation of skeletal 
muscle and enhance the effects of neuromuscular blocking 
agents). 

A Nitrous oxide-induced analgesia is excellent, even at 
low concentration of the gas. 

C-E Halothane can cause, not prevent, all of these effects. 

Learning objective: Describe anesthetic-induced malignant hy- 
perthermia. 

12. B In genetically susceptible patients, all halogenated anes- 
thetics can trigger malignant hyperthermia, an autosomal 
dominant disorder characterized by severe muscle contrac- 
tion, rapid development of hyperthermia, and a massive in- 
crease in metabolic rate. The syndrome is frequently fatal. 

A Acute intermittent porphyria is an idiosyncratic disor- 
der that can be triggered by barbiturates, not by halogenated 
anesthetics. 

C Acute hepatitis is a rare disease that can be induced by 
halothane but not by other halogenated anesthetics. More- 
over, it is not a genetic disorder. 

D, E These diseases are not genetically determined and are 
not induced by halogenated anesthetics. 

learning objective: Explain the meaning of the minimum alveolar 
concentration of inhalational anesthetics 

13. CThe minimum alveolar concentration (MAC) is defined as 
the concentration ofthe anesthetic that results in the immo- 
bility of 50%of patients when exposed to a supramaximal 
noxious stimulus. Thus, MAC represents the ED 50 on a con- 
ventional quantal dose-response curve and is therefore a 
measure ofthe potency ofthe inhaled anesthetic. 

A, B, D, E See correct answer explanation. 

learning objective: Explain the mechanism of action of nitrous 
oxide. 

14. CNitrous oxide is a potent and selective inhibitor ofNMDA- 
activated current, suggesting that its depressant effects on 
the central nervous system are produced via noncompetitive 
antagonistic activity at NMDA receptors. 

A, B, D, E See correct answer explanation. 


Learning objective: Describe the relationship between the blood/ 
gas partition coefficient and the speed of induction and recovery 
from general anesthesia. 

15. D Sevoflurane has a blood/gas partition coefficient of 0.69. 
Halothane, the prototype of halogenated general anesthetics, 
has a blood/gas partition of2.4. Because the speed of induc- 
tion and recovery of anesthesia are inversely proportional to 
the blood/gas partition coefficient, sevoflurane causes a rapid 
anesthetic induction and recovery. 

A Redistribution can be a factor that speeds up the recov- 
ery from anesthesia, but sevoflurane has low lipid solubility, 
so redistribution into lipid tissue is minimal. 

B Metabolism of sevoflurane is very low (about 3%). 

C The minimum alveolar concentration (MAC) of an in- 
halational anesthetic is a measure of the potency of the 
drug; that is, it is a pharmacodynamic variable. The speed of 
induction depends on pharmacokinetic variables. 

E Inhalational anesthetics distribute uniformly into the 
brain. They are not concentrated in a specific region of the 
brain. 

Learning objective: Describe the pharmacological effects of 
isoflurane. 

16. C All halogenated anesthetics have bronchodilating proper- 
ties, which is beneficial in patients with underlying airway 
problems, as in this case. 

A Cardiac output is minimally affected by isoflurane. 

B, D, E Isoflurane has effects opposite to those listed. 

Learning objective: Describe the pharmacological actions of 
etomidate. 

17. E Etomidate is an intravenous anesthetic agent that causes 
anesthetic induction and recovery similar to that of thio- 
pental (about 5 to 10 minutes of unconsciousness with a 
standard anesthetic dose), but it has minimal actions on car- 
diovascular and respiratory functions. It is mainly used for 
induction of anesthesia in patients with serious respiratory 
or cardiovascular disease, as in this case. 

A Halothane causes a dose-dependent depression of the 
cardiovascular and respiratory systems. 

B Ketamine produces cardiovascular stimulation by exci- 
tation of the sympathetic nervous system. 

C Propofol causes a marked decrease in blood pressure, 
primarily due to a decrease in total peripheral resistance. 

D Barbiturates such as thiopental are respiratory and cir- 
culatory depressants. 




learning objective: Outline the therapeutic uses of ketamine. 

18. A Ketamine is a general anesthetic that induces a state of 
sedation, characterized by immobility, profound analgesia, 
anterograde amnesia, and a strong feeling of dissociation 
from the environment without complete loss of conscious- 
ness. This state has been termed dissociative anesthesia. Be- 
cause it can provoke postoperative disorientation, perceptual 
illusions, and vivid dreams, it is not commonly used in gen- 
eral surgery. The drug causes negligible respiratory depres- 
sion and significant sympathetic stimulation. It is used for 
short, painful surgical procedures in children (who are less 
influenced by the mental effects of the drug), especially 
when they have respiratory problems, as in this case. 

B, C Thiopental and fentanyl can cause significant respira- 
tory depression and therefore are not indicated in asthmatic 
patients. 

D, E Generally, halogenated anesthetics such as halothane 
and sevoflurane are not used for minor surgical procedures. 

Learning objective: Describe the drugs used for conscious seda- 
tion and have the advantage of being reversible by the adminis- 
tration of specific receptor antagonists. 

19. B Conscious sedation refers to a drug-induced state of al- 
tered consciousness with the following features: 

• Consciousness is not lost (the patient can respond to ver- 
bal commands). 

• Apatent airway is maintained (the patient does not have 
to be ventilated). 

• Cardiovascular effects generally are not marked. 

• Anxiety is alleviated. 

• Pain is relieved. 

• Some degree of anterograde amnesia is present. 

A wide variety of intravenous anesthetic agents (benzodiaz- 
epines, propofol, and opioids) have been used. Benzodiaze- 
pines and opioids have the advantage that their effects can 
be easily reversed by the use of specific receptor antagonists 
(flumazenil and naloxone, respectively). 

A, C-E There are no specific antagonists for thiopental and 
ketamine. 

Learning objective: Describe the pathophysiology of malignant 
hyperthermia. 

20. CThe signs of the patient strongly suggest that he was suf- 
fering from malignant hyperthermia, a rare autosomal dom- 
inant disorder that can be triggered by the administration of 


halogenated anesthetics and/or succinylcholine. The patho- 
genesis of the disease is thought to involve a mutation in 
the gene encoding the skeletal muscle ryanodine receptor, a 
channel responsible for the regulation of Ca 2+ release from 
the sarcoplasmic reticulum. This mutation would result in 
an excessive release of Ca 2+ , which would be the main cause 
of the signs and symptoms of malignant hyperthermia. 

A, B, D, E None of these actions cause the syndrome ex- 
hibited by the patient. 

Learning objective: Describe the cardiovascular effects of iso- 
flurane. 

21. D Isoflurane is a potent coronary vasodilator, simultaneously 
producing increased coronary blood flow and decreased 
myocardial oxygen consumption. It is a particularly safe an- 
esthetic to use for patients with ischemic heart disease, as in 
this case. 

A, E Halothane and sevoflurane cause a dose-dependent 
decrease in cardiac output. 

B, CEtomidate and propofol are used for induction, not for 
maintenance of general anesthesia. 

learning objective: Identify the general anesthetic with the high- 
est risk of toxic hepatitis. 

22. B The patient’s signs and symptoms indicated that she was 
most likely suffering from fulminant hepatitis. Halothane 
can produce fulminant hepatic necrosis in a small number 
of patients (1/10,000). The syndrome typically starts 3 to 5 
days after anesthesia and rapidly progresses to hepatic fail- 
ure. The prognosis is poor (death occurs in about 50% of 
these patients).The mechanism of hepatotoxicity is still un- 
certain. The current hypothesis is that some hepatic proteins 
become trifluoroacetylated by halothane metabolites and 
initiate an immune response. 

A, F The risk of toxic hepatitis with other fluorinated anes- 
thetics is negligible. 

C-E Nitrous oxide, thiopental, and fentanyl do not cause 
liver toxicity. 




learning objective: Describe the additive property of minimum 
alveolar concentration of inhalational anesthetics. 

23. B The minimum alveolar concentration (MAC) is defined as 
the concentration ofthe anesthetic that results in the immo- 
bility of 50%of patients when exposed to a supramaximal 
noxious stimulus (i.e., surgical skin incision). MAC values 
of inhalational anesthetics have a very important property: 
they are roughly additive. Because the alveolar concentra- 
tion needed to provide surgical anesthesia in most patients 
is about 1 .3 MAC, a 0.7 MAC of nitrous oxide plus 0.6 MAC of 
sevoflurane will provide an appropriate surgical anesthesia 
for the patient. This explains why nitrous oxide, which is a 
very poor aesthetic when given alone, can enhance the effect 
of all other inhalational anesthetics given concomitantly. 
Another important consequence ofthe additive property of 
MAC is that the anesthetic effects of two inhalational anes- 
thetics are additive, but the adverse effects are not. As ni- 
trous oxide has low toxicity, the mixture of a large MAC 
fraction of this gas with a small MAC fraction of another 
inhalational anesthetic can provide surgical anesthesia with 
adverse effects substantially lower than that ofthe other an- 
esthetic given alone. 

A, C The sum of these MACs is not enough to ensure an 
appropriate surgical anesthesia. 

D, E The sum of these MACs is above the 1 .3 level needed 
for surgical anesthesia. This means that the alveolar concen- 
tration is too high and can substantially increase the risk of 
adverse effects. Moreover, because 1 MAC of nitrous oxide 
is more than 100%of the gas alveolar concentration, nitrous 
oxide cannot be used at a concentration above 80% (i.e., 
about 0.8 MAC), as this would limit the delivery of an ade- 
quate amount of oxygen. 

learning objective: Explain the reason for the short duration of 
anesthesia induced by thiopental. 

24. C Thiopental rapidly diffuses out of the brain and other 
highly vascularized tissues and is redistributed to muscle, 
fat, and eventually to all body tissues. This is the principal 
mechanism limiting anesthetic duration after a single anes- 
thetic dose. 

A, E Actually, thiopental distributes very rapidly into the 
CNS. Because it is very lipid soluble, diffusion into the CNS 
neurons is very good. 

B, D Thiopental half-life is about 12 hours, which indicates 
that the elimination of the drug from the body is slow. 

Learning objective: Identify the drug usually administered with 
propofol to reduce pain on injection. 

25. D The intravenous injection of propofol is associated with 
pain, most likely due to its alcohol nature that irritates the 
vascular endothelium. Three out of five patients experience 


pain on injection, with one of these patients reporting se- 
vere or excruciating pain. As a result, several interventions 
have been investigated to alleviate the pain associated with 
propofol injection. The coadministration of several drugs, 
including opioids, ketamine, and nonsteroidal antiinflamma- 
tory drugs, can be effective in reducing pain, but lidocaine, 
in conjunction with venous occlusion, is thought to be the 
most effective intervention. 

A-C, E See correct answer explanation. 

Learning objective: Describe the main variables that can de- 
crease the minimum alveolar concentration (MAC) of inhala- 
tional anesthetics. 

26. C It is known that MAC can be decreased by several physio- 
logical and pharmacological variables, including age, preg- 
nancy, hypothermia, hypercalcemia, hyponatremia, and in 
the presence of certain drugs (acute alcohol, opioids, benzo- 
diazepines, barbiturates, ketamine, lithium, clonidine, etc.). 
One ofthe most striking is the 6%decrease in MACper decade 
of age, regardless of volatile anesthetic. It drops to about half 
by age 80, as in this case. 

A, B, D, E See correct answer explanation. 

Learning objective: Identify the general anesthetic that is contra- 
indicated in patients with pheochromocytoma. 

27. A Halothane can sensitize the myocardium to the arrhyth- 
mogenic effect of catecholamines and is therefore contrain- 
dicated in patients with high blood catecholamine levels, as 
in this case. 

B-E None of these drugs cause sensitization ofthe myo- 
cardium to catecholamines. 

Learning objective: Identify the general anesthetic that is contra- 
indicated in small bowel closed loop obstruction. 

28. B In closed loop obstruction, the lumen of the bowel is oc- 
cluded at two points, thus preventing prograde and retro- 
grade movements of bowel contents. Because nitrous oxide 
diffuses into the cavity more rapidly than the air (principally 
nitrogen) diffuses out, the gas can increase the intraluminal 
pressure of the obstructed bowel loop, thus increasing the 
risk of gut rupture. Examples of conditions in which nitrous 
oxide might be hazardous include all the closed cavities 
filled with air, such as pneumothorax, pulmonary air cysts, 
and pneumocephalus. 

A, C-E See correct answer explanation. 

learning objective: Describe the main adverse effects ofetomidate. 

29. A Cardiovascular stability is a major advantage of etomidate 
over barbiturate or propofol and therefore is most suited in 
patients with coronary disease, as in this case. Etomidate has 




the highest incidence of postoperative nausea and vomiting 
(more than 30%of cases) among the general anesthetics. 

B-E Etomidate does not cause delusion and has minimal 
cardiovascular and respiratory effects. 

learning objective: Explain the mechanism of diffusion hypoxia 
caused by nitrous oxide. 

30. D On recovery from anesthesia, the outpouring of large vol- 
umes of nitrous oxide can cause an effect called diffusion 
hypoxia. These volumes may cause hypoxia in two ways. 
First, they may directly affect oxygenation by displacing ox- 
ygen. Second, by diluting alveolar carbon dioxide, they may 
decrease respiratory drive and hence ventilation. Both of 
these effects require that large volumes of nitrous oxide be 
released into the alveoli. Because these large volumes are 
released only during the first 5 to 10 minutes of recovery, 
this is the period of greatest concern. An additional reason 
is that this period may be the time of greatest respiratory 


depression. For these reasons, 1 00%oxygen is often adminis- 
tered for the first 5 to 10 minutes of recovery. This procedure 
may be particularly indicated when postoperative respira- 
tory depression is anticipated, as in the present case (see the 
administration offentanyl). 

A-C, E These drugs do not cause diffusion hypoxia. 
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Answers and Explanations: HI-4 local Anesthetics 


Questions 1-3 

1. F 

2. B 

3. B 

learning objective: Explain the molecular mechanism of act ion of 

local anesthetic. 

4. A Local anesthetics block voltage-gated Na + channels, pre- 
venting depolarization of the membrane and blocking con- 
duction of the action potential. The blockade of Na + channel is 
voltage dependent; that is, the affinity of the channel for the 
local anesthetics is high when the channel is inactivated or 
activated (i.e., when the membrane potential is less negative) 
and is low when the channel is in the resting state (i.e., when 
the membrane potential is more negative). The same rule holds 
for antiarrhythmic drugs, which act by blocking ion channels. 

B-F See correct answer explanation. 

Learning objective: Describe the adverse effects of local 

anesthetics. 

5. CDrowsiness is the most frequent complaint that results from 
central nervous system (CNS) actions of local anesthetics and 
is usually an early sign of a high plasma level of the drug. CNS 
effects of lidocaine are common when the drug is adminis- 
tered systemically as an antiarrhythmic or when a sufficient 
concentration of the drug can reach the general circulation 
after being given locally for local anesthesia, as was most 
likely in this case. 


A, E Lidocaine tends to cause adverse effects opposite to 
those listed. 

BThis adverse effect is not caused by lidocaine. 

D This adverse effect can occur only after huge plasma 
levels of lidocaine. 

Learning objective: Identify the local anesthetic used for long 
surgical procedures. 

6. C The duration of local anesthesia after a standard dose of 
tetracaine injected near the brachial plexus is about 210 to 
240 minutes. The drug is therefore preferred for more lengthy 
surgical procedures. 

A, B The duration of action of these local anesthetics is less 
than 2 hours. 

D, E These drugs are not used for nerve block anesthesia. 

Learning objective: Calculate the percentage of the lipid-soluble 
form of lidocaine in the extracellular fluids, given sufficient data. 

7. B Because local anesthetics except benzocaine are weak bases, 
they are mainly ionized when their p K a is higher than the pH 
of the body fluids, as in this case. The ratio between the non- 
ionized and the ionized form can be determined using the 
Henderson-Hasselbalch equation. When the difference be- 
tween the p K a and the pH is +0.5, the percentage of the ion- 
ized form is 76% therefore, the percentage of the nonionized, 
lipid-soluble form will be 24% 

A, C-E See correct answer explanation. 



learning objective: Identify nerve fiber properties altered by local 
anesthetics. 

8. CLocal anesthetics primarily block inactivated Na + channels, 
making them take longer to return to the resting state. As 
long as the channel is blocked, the fiber is refractory to stim- 
ulation, so the refractory period of the nerve will increase. 

A, B, D These nerve properties are in fact decreased, not 
increased, by local anesthetics. 

E Local anesthetics have very low affinity for channels in 
the resting state, so they have negligible effects on the rest- 
ing membrane potential of the nerve. 

Learning objective: Explain why epinephrine should not be used 
with local anesthetics when organs supplied by end arteries (fin- 
gers, ears, nose, and penis) need to be anesthetized. 

9. B Epinephrine-containing solutions should not be injected 
into organs supplied by end arteries (fingers, ears, nose, and 
penis) because the resulting vasoconstriction can produce 
ischemia and even gangrene. 

A, D Epinephrine does not affect the risk of wound infec- 
tion and does not cause delayed wound repair. 

C, E Excessive bleeding and systemic toxicity are in fact 
prevented by administration of epinephrine. 

Learning objective: Identify the factors that increase the affinity of 
Na + channels for local anesthetics. 

10. CLocal anesthetics act primarily by blocking Na + channels. 
The blockade is voltage dependent; the less negative the 
membrane potential, the higher the channel affinity for local 
anesthetics. In the resting state, Na + channels predominate 
at more negative membrane potential. These channels have 
a much lower affinity for local anesthetics than inactivated 
or activated channels, which predominate at less negative 
membrane potential. The blockade is also time-dependent 
(also referred to as frequency dependent); the faster the fir- 
ing of the nerve, the higher the channel affinity for local 
anesthetics. 

A, B, D, E See correct answer explanation. 

Learning objective: Identify the physiological function blocked 
last by local anesthetics. 

11. A Fiber sensitivity to blockade by local anesthetics depends 
on different factors; for example, sensitivity is inversely 
related to diameter and conduction velocity. Fibers with 
smaller diameter and slower conduction velocity are blocked 
before fibers that have larger diameter and faster conduction 
velocity. Therefore, type A-alpha fibers, which convey motor 
function (diameter 12-20 p, conduction velocity 70-120 
m/sec) are blocked last, when a local anesthetic is applied to 
a nerve. 

B-E See correct answer explanation. 


Learning objective: Explain why local anesthesia has a slower 

onset in infected tissue. 

12. E Local anesthetics are weak bases; all but benzocaine have 
a p K a in the range of about 7.7 to 9.4. Therefore, they are 
mainly water-soluble at the physiological pH of the extra- 
cellular fluid. However, only the small, lipid soluble portion 
of the drug can cross the nerve membrane. The extracellular 
fluid of the infected tissues has a lower pH due to the in- 
creased concentration of lactic acid. The lipid solubility of 
the drug will be even lower, and less drug will be available 
for diffusion into the nerve fibers. 

A-D See correct answer explanation. 

Learning objective: Describe the adverse effects ofprilocaine. 

13. D Prilocaine is the only local anesthetic that can cause met- 
hemoglobinemia. This effect is not a problem in healthy per- 
sons, but the neonate is more sensitive to methemoglobinemia 
due to decreased resistance of fetal hemoglobin to oxidant 
stress and immaturity of the enzymes that convert methe- 
moglobin back to the ferrous state. 

A-C, E See correct answer explanation. 

learning objective: Explain why hyperkalemia makes the nerve 

membrane more sensitive to the action of local anesthetics. 

14. D According to the Nernst equation, an increase in extracel- 
lular K + concentration makes the membrane potential less 
negative (depolarization) and favors the inactivated state of 
Na + channels. Because local anesthetics mainly block inacti- 
vated Na + channels, increased extracellular concentration of 
K + makes the nerve membrane more sensitive to the action 
of local anesthetics. Local increase in extracellular concentra- 
tion ofK + is common in burned tissues because the damaged 
cells spill their cytosol into the extracellular fluid. Although 
patients with burns are known to develop hypocalcemia, hy- 
percalcemia has been reported in about 20%ofpatients with 
extensive burns. 

A-C, E All of these events cause hyperpolarization of the 
membrane, which favors the resting state. 

Learning objective: Explain why bupivacaine is contraindicated in 

a patient with chronic obstructive pulmonary disease. 

15. E Most local anesthetics can block Na + channels in cardiac 
muscle, thereby depressing automaticity and conduction. At 
very high doses they can also depress contractility, most 
likely by blocking Ca 2+ channels. Bupivacaine is more cardio- 
toxic than most other local anesthetics, apparently because 
the drug dissociates much more slowly than other local an- 
esthetics during diastole, so a significant fraction of Na + 
channels at physiological heart rates remains blocked with 
bupivacaine at the end of the diastole. Bupivacaine-induced 
cardiac toxicity is very difficult to treat and is enhanced by 




coexisting acidosis and hypoxemia, which are most likely in 
this case because of COPD. 

A-D See correct answer explanation. 

Learning objective: Explain the choice of a local anesthetic accord- 
ing to the anticipated duration of a surgical procedure. 

16. E Epidural anesthesia is administered by injecting local an- 
esthetic into the epidural space and can be performed in the 
sacral hiatus or in the lumbar, thoracic, or cervical region of 
the spine. The anesthesia affects only those nerves leaving 
the spinal cord at the level ofinjection. Lidocaine is the most 
frequently used epidural local anesthetic, especially when 
the surgical procedure is short, as in this case. 

A, B Cocaine and benzocaine are not suitable for spinal or 
epidural anesthesia. 

C, D Bupivacaine and tetracaine are used for spinal and 
epidural anesthesia when the surgical procedure is long. 
They are not needed in this case because the anticipated 
duration of the procedure is only about 20 minutes. 

Learning objective: Explain the choice of an amide -type local an- 
esthetic for a patient allergic to para-aminobenzoic acid (PABA). 

17. C Lidocaine is an amide-type local anesthetic that can be 
employed in almost any application when a local anesthetic 
of intermediate duration is needed. It is widely used in spi- 
nal anesthesia. 

A, B, D, E A serious allergic reaction to PABA contraindi- 
cates the administration of all ester-type local anesthetics 
(procaine, tetracaine, benzocaine, and cocaine), as they are 
esters of PABA. In addition, procaine and benzocaine are not 
suitable for spinal anesthesia. 

Learning objective: Identify the local anesthetic preparation suit- 
able for a patient with a concomitant cardiac disease. 

18. A Epinephrine is used in local anesthetic preparations to 
localize the anesthetic at the desired site and to reduce sys- 
temic toxicity. However, epinephrine is contraindicated in 
patients with cardiac arrhythmias. In this patient, a prepara- 
tion containing the local anesthetic alone is the most ratio- 
nal choice. 

B, C See correct answer explanation. 

D, E There are no injectable preparations of benzocaine, as 
this drug is used only for surface anesthesia. 

Learning objective: Describe the therapeutic uses of benzocaine. 

19. A Unlike other local anesthetics, benzocaine has a p K a of 
about 2.5; consequently, it is practically insoluble in water. 
Therefore, the drug cannot be injected, but it can be applied 
directly to wounded surfaces, where it remains localized for 
a long time, producing sustained anesthetic action. Because 


of this, benzocaine is incorporated into a large number of 
topical preparations. Other drugs used for topical anesthesia 
are lidocaine and tetracaine. 

B Procaine is used only for infiltration anesthesia because 
of its slow onset and short duration of action. 

C Cocaine is very rarely used today as a local anesthetic, 
due to its addictive potential. Moreover, cocaine absorption 
from abraded skin can be significant. 

D, E Prilocaine and bupivacaine are not used for topical 
anesthesia. 

learning objective: Identify the molecular form of a local anes- 
thetic that mediates receptor binding. 

20. D Local anesthetics are weak bases, and in the body they 
exist either as the uncharged base (nonionized form) or as a 
cation (ionized form). Because the nonionized form is lipid 
soluble, it is important for diffusion through the cell mem- 
branes. However, the cationic form is thought to be the one 
that binds to the receptor site, located on the Na + channel 
near the inner surface of the membrane. 

A— C All of these properties are more related to the nonion- 
ized form of the drug. In fact, tissue redistribution usually 
occurs in lipid-rich tissues; liver biotransforms mainly lip- 
id-soluble drugs, and only the lipid-soluble form of the drug 
can easily cross the blood-brain barrier. 

E The half-life of a drug is related to its volume of distri- 
bution and its clearance, which in turn depend on many fac- 
tors, not only on the ionized form of the drug. 

Learning objective: Describe the use of cocaine as a local anes- 
thetic agent. 

21 . A The drug used was most likely cocaine, the only local anes- 
thetic that also has a vasoconstricting action, due to its in- 
hibitory effect on norepinephrine reuptake into adrenergic 
terminals. Cocaine can provide better tolerance of suturing 
in patients who are unable to tolerate injections, as in this 
case. However, the drug is very rarely used today as a topical 
anesthetic because of its toxicity, expense, and federal regu- 
latory issues. Serious toxic effects (e.g., seizures and cardiac 
arrhythmias) have been described following topical cocaine 
application, particularly in children. 

B-E See correct answer explanation. 
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Answers and Explanations: HI-5 Skeletal Muscle Relaxants 


Questions 1-4 

1. A 

2. D 

3. H 

4. F 

Learning objective: Identify the site of action of tubocurarine. 

5. C All neuromuscular blocking agents bind to Nm receptors 
located on the postjunctional folds of motor end plates, acting 
there as competitive antagonists (nondepolarizing blockers) 
or as partial agonists (depolarizing blockers). The blockade of 
these receptors mediates the clinical effects of these drugs, 
that is, skeletal muscle paralysis. 

A, B, D Tubocurarine can block Nn receptors located on 
autonomic ganglia, on the adrenal medulla, and on somatic 
nerve terminals, but these sites do not represent the main site 
of action of the drug. In fact, the affinity of the drug for these 
receptors is much lower than the affinity for Nm receptors. 

E Spinal motor neurons are located on the anterior horn 
of the spinal cord, that is, inside the central nervous system 
(CNS). Curare-like drugs cannot enter the CNS because they 
do not cross the blood-brain barrier. 

F Nm receptors are on motor end plates only. When acti- 
vated, they open ligand-gated ion channels, causing depolar- 
ization ofthe motor end plate (miniature end-plate potential). 
Skeletal muscle cell membranes have voltage-gated ion chan- 
nels that open when the depolarization ofthe motor end plate 
reaches the threshold for the propagation ofthe potential. 

Learning objective: Describe the therapeutic uses of nondepolar- 
izing neuromuscular blockers. 

6. B The patient most likely received vecuronium, a nondepolar- 
izing neuromuscular blocker. These drugs are often used in 
patients who need mechanical ventilation. They can facilitate 
intubation and can block voluntary movements that could in- 
terfere with mechanical ventilation. Neuromuscular blockers 
with an intermediate duration of action such as vecuronium 
(about 30 minutes after a standard therapeutic dose) are 
often preferred. 

A, C-F All of these drugs have skeletal muscle relaxant prop- 
erties, but they act with different mechanisms of action and 
are not used to facilitate intubation and decrease spontaneous 
breathing. 


learning objective: Describe the pharmacokinetics of succinyl- 

choline. 

7. AThe duration of action of succinylcholine is about 8 minutes 
after a standard therapeutic dose. The reason is that the drug 
is rapidly hydrolyzed by pseudocholinesterase in plasma and 
liver. This duration of action is enough to facilitate intubation. 
When a longer duration of action is needed, the drug is given 
by intravenous infusion. 

B-F See correct answer explanation. 

learning objective: Explain the mechanism of action of dantrolene 

8. D The clinical picture of the patient suggests the diagnosis of 
malignant hyperthermia, a rare but potentially life-threatening 
disorder that can be triggered by a variety of stimuli, including 
the administration of certain anesthetics (mainly halothane) 
and neuromuscular blocking agents (mainly succinylcholine). 
The disorder is related to a hereditary impairment in the abil- 
ity ofthe sarcoplasmic reticulum to sequester calcium; there- 
fore, a prolonged release of calcium occurs after the triggering 
event through sarcoplasmic calcium channels (sometimes called 
ryanodine receptors). This causes massive muscle contrac- 
tion, hyperthermia, and lactic acidosis. Dantrolene is a drug of 
choice in this disorder because it blocks Ca 2+ channels in the 
skeletal muscle sarcoplasmic reticulum, thus preventing the 
massive release of calcium. Cardiac and smooth muscle are 
minimally affected by dantrolene because they have a differ- 
ent type of Ca 2+ channel in their sarcoplasmic reticulum. 

A-C, E See correct answer explanation. 

Learning objective: Identify the site of action ofbotulinum toxin. 

9. B Via endocytosis, botulinum toxin enters cholinergic nerve 
terminals, where it prevents the exocytotic release of acetyl- 
choline, causing paralysis of the skeletal muscles surrounding 
the site of injection. 

A, C, E Botulinum toxin does not bind to cholinergic re- 
ceptors. 

D Botulinum toxin also prevents acetylcholine release from 
autonomic cholinergic nerve terminals, but this is not the site 
ofthe therapeutic action ofthe drug. 




Learning objective: Explain the mechanism of action of 

vecuronium. 

10. C Vecuronium is a nondepolarizing neuromuscular blocker. 
These drugs act as competitive antagonists at Nm receptors, 
preventing the activation of the receptors by acetylcholine. 
In this way, they prevent depolarization of skeletal muscle 
cell membranes and inhibit muscular contraction. Their ac- 
tion can be overcome by increasing the concentration of ace- 
tylcholine in the synaptic cleft. 

A, B, D-F Nondepolarizing neuromuscular blockers are 
devoid of these effects. 

Learning objective: Describe the sequence of muscle paralysis in- 
duced by vecuronium. 

11. A The skeletal muscle paralysis induced by nondepolarizing 
neuromuscular blocking drugs follows a sequence that is re- 
lated to the innervation of the skeletal muscles. Muscles that 
are small, rapidly moving, and richly innervated, such as ex- 
trinsic eye muscles, small muscles of the face, and pharynx, 
are affected first. The paralysis of the extrinsic eye muscles 
causes a lack of parallelism of the visual axes of the eyes that 
leads to double vision. As a rule, large muscles (e.g., limb 
muscles) are paralyzed after small muscles. Ultimately, the 
intercostal muscles and, finally, the diaphragm are paralyzed. 

B-E See correct answer explanation. 

learning objective: Describe the biotransformation ofmivacurium. 

12. D Mivacurium is the only nondepolarizing neuromuscular 
blocker that is metabolized by plasma pseudocholinesterase. 
Because of this rapid metabolism, the action of the drug is 
short. 

A Succinylcholine is metabolized by plasma cholinester- 
ase, but it is a depolarizing, not a nondepolarizing, neuro- 
muscular blocker. 

B, C, E See correct answer explanation. 

Learning objective: Explain the use of cisatracurium in patients 

with impaired hepatic and renal functions. 

13. D Cisatracurium is a neuromuscular blocking drug that has 
the unique property of being inactivated primarily by a 
form of spontaneous breakdown also known as Hoffmann 
elimination. Because of this, it does not exhibit an increase 
in half-life in patients with compromised hepatic or renal 
function, and it is therefore the agent of choice under these 
conditions, as in the present case. 


A, C, E Succinylcholine, dantrolene, and mivacurium are 
not metabolized by Hoffmann elimination. 

B Dantrolene cannot cause skeletal muscle paralysis (un- 
less huge doses are given) and therefore is not used as a 
skeletal muscle relaxant during surgery. 

foaming objective: Describe the interaction between tubocurarine 

and H 1 antagonists. 

14. E Tubocurarine-induced hypotension is primarily due to 
histamine release, and premedication with an antihistamine 
drug is often used to attenuate this adverse effect. 

A-D Drugs from these classes would increase, not de- 
crease, tubocurarine-induced hypotension. 

foaming objective: Describe the interaction between aminogly- 
coside antibiotics and nondepolarizing neuromuscular blockers. 

15. A Aminoglycoside antibiotics inhibit acetylcholine release 
from cholinergic nerves by blocking a specific type of Ca 2+ 
channel. Therefore, they enhance the blockade induced by 
nondepolarizing neuromuscular blockers. 

B-E See correct answer explanation. 

foaming objective: Describe the pharmacokinetics ofmivacurium. 

16. D Mivacurium and succinylcholine are two neuromuscular 
blockers metabolized by plasma cholinesterase. In patients 
with a genetic deficiency of normal plasma cholinesterase, 
these drugs can cause apnea for several hours and are there- 
fore contraindicated. 

A-C, E, F See correct answer explanation. 

foaming objective: Describe the main contraindication of tubo- 
curarine. 

17. ATubocurarine can cause histamine release from mast cells. 
Aprominent effect of histamine is bronchoconstriction. Be- 
cause of this, tubocurarine should not be used in patients 
with asthma or chronic obstructive pulmonary disease. 

B Glycopyrrolate is often given as a preoperative medica- 
tion to prevent effects related to vagal activation (sialorrhea 
and bradycardia) 

C Clonidine is sometimes given as a preoperative medica- 
tion because it has sedative properties and potentiates the 
action of anesthetic agents. 

D, E Vecuronium and cisatracurium, which are nonde- 
polarizing neuromuscular blocking drugs, could be used, as 
these agents do not release histamine. 



learning objective: Describe the adverse effects of tubocurarine. 

18. D Agitation is a frequent problem in patients who are intu- 
bated and artificially ventilated. Benzodiazepines are useful 
agents for controlling anxiety and agitation. They also cause 
anterograde amnesia (a useful property in this setting) but 
have no analgesic properties. When sedating drugs are not 
fully effective, a muscle relaxant is added. Tubocurarine is 
a neuromuscular blocking drug whose action lasts more 
than 50 minutes after a standard therapeutic dose. It is still 
sometimes used because of effectiveness and low cost. The 
tachycardia that can appear after the administration oftubo- 
curarine can be due either to histamine release or to block- 
ade of nicotinic receptors of autonomic ganglia or, most likely, 
to both. 

A Botulinum toxin is not used to limit movements in an 
intubated patient. Its actions would last for months. 

B Dantrolene is a spasmolytic drug. It can reduce spastic- 
ity but is unable to cause neuromuscular paralysis when 
given at therapeutic doses. Therefore, it is not used to limit 
movements in an intubated patient. 

C Succinylcholine can cause stimulation of both nicotinic 
receptors in autonomic ganglia and cardiac muscarinic re- 
ceptors. Therefore, it would tend to cause bradycardia, which 
is only partially counteracted by its slight tendency to cause 
histamine release. 

E Cisatracurium has no effect on nicotinic receptors of 
autonomic ganglia and has negligible histamine-releasing 
properties. 

Learning objective: Explain the mechanism of action of suc- 
cinylcholine. 

19. A Succinylcholine acts as a cholinergic agonist at Nm recep- 
tors. The Na + channels open and cause depolarization of the 
motor end plate, but because the drug is not metabolized as 
fast as acetylcholine, the activation of Nm receptors is long 
lasting. This activation causes a brief period of excitation 
that may elicit transient and repetitive muscle excitation 
(fasciculations), followed by block of neuromuscular trans- 
mission, as the long-lasting depolarization makes the motor 
end plate unresponsive to subsequent stimuli (depolariza- 
tion blockade). 

B-F See correct answer explanation. 

learning objective: Describe the adverse effects of succinylcholine. 

20. B Succinylcholine activates Nm receptors. This can account 
for the involuntary contraction of a group of muscle fibers, 
called fasciculations or twitching, that occurs before the 
muscle paralysis. Nondepolarizing neuromuscular blockers 
do not activate Nm receptors, so contractions cannot occur 
before paralysis. 

A, C-F See correct answer explanation. 


learning objective: Explain the mechanism of muscle relaxant 
action of tizanidine. 

21 . ETizanidine is a centrally acting a 2 -receptor agonist, struc- 
turally and pharmacologically related to clonidine. Its 
spasmolytic activity most likely results from activation of 
presynaptic a 2 receptors in the spinal cord. This activation 
decreases the release of excitatory amino acids, which in 
turn leads to inhibition of spinal motor neurons. 

A-D See correct answer explanation. 

learning objective: Explain the mechanism of the spasmolytic 
action ofbenzodiazepines. 

22. D Benzodiazepines facilitate the action of GABA in the 
central nervous system by increasing the affinity of GABA a 
receptors for GABA. Their action in reducing spasticity, 
however, seems to be at least partly mediated in the spinal 
cord, because they are effective also in patients with cord 
transection. 

AThis is the mechanism of action of dantrolene. 

B This is the mechanism of action of botulinum toxin. 

C This is the mechanism of action of succinylcholine. 

E This is the mechanism of action of baclofen. 

learning objective: Describe the action of vecuronium on minia- 
ture membrane potential. 

23. B The formation of miniature end-plate potentials is caused 
by the release of small quanta of acetylcholine that activate 
Nm receptors at the motor end plate. By blocking these re- 
ceptors, vecuronium blocks the formation of this potential. 

A, D, E Neuromuscular blocking drugs have negligible ef- 
fects on the formation of action potentials in the motor neu- 
ron, cardiac muscle, or corticospinal tract. 

C Smooth muscle membrane has no Nm receptors. There- 
fore, neuromuscular blocking drugs have no direct effects on 
smooth muscle. 

Learning objective: Describe the adverse effects of succinyl- 
choline. 

24. E Succinylcholine can rapidly release potassium from intra- 
cellular sites. In a normally healthy patient, this results in 
a small, transient hyperkalemia. In patients with extensive 
soft tissue trauma or burns, cerebral vascular accident, or 
prolonged stays in an intensive care unit, this hyperkalemia 
can be much more pronounced when succinylcholine is given 
at least several days after the underlying condition has be- 
come established. The hyperkalemia can be life-threatening, 
as it can lead to cardiac arrest, as in this case. The cause 
of succinylcholine-induced hyperkalemia in these patients 
seems related to upregulation of nicotinic muscular (Nm) 
receptors on motor end plates. Patients with the aforemen- 
tioned conditions are deprived of neural influence or activity 




because of prolonged immobilization. Such deprivation stim- 
ulates the synthesis of new Nm receptors across the muscle 
membrane. When these receptors are activated by succinyl- 
choline, an action potential occurs, and ion channels open, 
allowing Na + to flow into and K + to flow out of the cell. Be- 
cause succinylcholine is metabolized more slowly than ace- 
tylcholine, the receptor activation is more prolonged, causing 
a larger influx of Na + and a vigorous efflux of K + . When Nm 
receptors are increased in skeletal muscle, this K + efflux can 
cause life-threatening hyperkalemia. 

A-C Nondepolarizing neuromuscular blockers cause block- 
ade, not activation, of Nm receptors. Therefore, they do not 
induce hyperkalemia. 

D Dantrolene has no effect on Nm receptors. 

Learning objective: Describe the adverse effects of succinyl- 
choline. 

25. D The clinical picture of the patient suggests the diagnosis 
of malignant hyperthermia, a rare but potentially life- 
threatening disorder triggered by the administration of 
certain anesthetics and neuromuscular blocking agents. Un- 
controlled release ofCa + from the sarcoplasmic reticulum of 
skeletal muscle is the initiating event. Although most cases 
of malignant hyperthermia arise from the combination of 
succinylcholine and halogenated hydrocarbon anesthetics 
(e.g., halothane, isoflurane, and sevoflurane), succinylcholine 
or anesthetics alone have been reported to precipitate the 
response. Susceptibility to malignant hyperthermia is an au- 
tosomal dominant trait. In the majority of cases, no clinical 
signs are visible in the absence of anesthetic intervention. 

A-C, E, F See correct answer explanation. 

Learning objective: Describe the adverse effects of succinyl- 
choline. 

26. C Myalgias are common postoperative complaints of pa- 
tients receiving large doses of succinylcholine. The true in- 
cidence of myalgias is difficult to establish because of 
confounding factors, including the type of surgery and posi- 
tioning during the operation, but has been reported to be up 
to 20% The pain is thought to be secondary to the unsyn- 
chronized contractions (i.e., fasciculations) of adjacent mus- 
cle fibers just before the onset of paralysis. When these 
fasciculations are strong enough, muscle soreness can result 
on recovering from anesthesia. 

A, B Nondepolarizing muscle relaxants can sometimes 
cause myalgias upon recovery from muscle paralysis, but the 
incidence is much lower than that with succinylcholine. 

D, E Dantrolene and diazepam are spasmolytic agents. 
They do not cause muscle paralysis and are not used to in- 
duce complete muscle relaxation during general anesthesia. 


learning objective: Explain the mechanism of act ion ofbotulinum 
toxin. 

27. D Botulinum toxin must get inside the axon terminals to 
cause paralysis. Following the attachment of the toxin to 
proteins on the surface of axon terminals, the toxin can be 
taken into neurons by endocytosis. There it is able to cleave 
endocytotic vesicles and reach the cytoplasm. The light 
chain of the toxin has protease activity and proteolytically 
degrades a specific protein that is required for vesicle fusion 
that releases acetylcholine from the axon endings. In this 
way it prevents neurosecretory vesicles from fusing with the 
nerve synapse plasma membrane and releasing the neuro- 
transmitter. 

A-C, E, F See correct answer explanation. 

Learning objective: Describe the adverse effects of a local treat- 
ment with botulinum toxin. 

28. D Blepharospasm is spasm of muscles around the eye that 
causes involuntary blinking and eye closing. It affects women 
more than men and tends to occur within families. The 
cause is most often unknown. Injection ofbotulinum toxin 
into the eyelid muscle is often the preferred treatment (the 
effects of each treatment last about 3 months). The most 
common adverse effect is eyelid ptosis (up to 20%of cases), 
which represents an unwanted extension of the pharmaco- 
logical effect. 

A-C, E Botulinum toxin is given locally, so the risk of sys- 
temic adverse effects is very low. 

Learning objective: Describe the mechanism of action ofbaclofen. 

29. A Baclofen is an agonist at GABA b receptors. These are 
metabotropic transmembrane receptors for GABA that are 
linked via Gi proteins to potassium channels. Activation of 
these receptors by baclofen results in increased K + conduc- 
tance, which in turn causes hyperpolarization ofpresynaptic 
terminals. This hyperpolarization reduces the release of ex- 
citatory transmitters in both the brain and the spinal cord. 
Baclofen is at least as effective as diazepam in reducing spas- 
ticity and is frequently used for this purpose. 

B This is the action of nondepolarizing neuromuscular 
blockers. 

C Baclofen can cause blockade of substance P release from 
spinal cord; this seems to be one of the reasons for its anal- 
gesic activity in patients with spasticity. 

D, E Baclofen can indirectly block Ca 2+ channels as a con- 
sequence of membrane hyperpolarization and can increase 
K + conductance, but these actions occur in neuronal, not in 
skeletal muscle, membranes. 




learning objective: Describe the therapeutic uses of baclofen. 

30. B Stiff man syndrome is a disorder of neuromuscular trans- 
mission characterized by the insidious onset of progressive 
stiffness in the trunk, abdomen, legs, and arms. The cause of 
the syndrome is unknown, but an autoimmune pathogene- 
sis is suspected. Only symptomatic therapy is available, and 
central spasmolytic drugs (benzodiazepines and baclofen) 
consistently relieve the muscle stiffness. 

A, C-F See correct answer explanation. 

learning objective: Identify a prominent advantage of vecuro- 
nium over tubocurarine. 

31. B Vecuronium, a steroid-derivative muscle relaxant, is cur- 
rently commonly used during surgery. Its main advantages 
over tubocurarine are negligible effects on histamine release 
and no action on nicotinic neuronal receptors of autonomic 
ganglia. Moreover, unlike tubocurarine, the drug is mainly 
eliminated by liver metabolism, which can allow its use in 
patients with kidney disease. 

A The duration of action of vecuronium after a standard 
therapeutic dose is 20 to 35 minutes. 

C, D These actions are absent with both vecuronium and 
tubocurarine. 

ENo skeletal muscle relaxants cause anterograde amnesia, 
as they do not cross the blood-brain barrier. 


Learning objective: Explain why cisatracurium is preferred over 
tubocurarine in patients with renal insufficiency 

32. D The patient’s creatinine and urea nitrogen levels indicate 
that he was most likely suffering from renal insufficiency. 
Tubocurarine is mainly eliminated as such by the kidney and 
is therefore contraindicated in patients with impaired renal 
function. Cisatracurium is a neuromuscular blocking drug 
that is inactivated primarily by a form of spontaneous break- 
down and does not exhibit an increase in half-life in patients 
with renal insufficiency. 

A The increased alanine aminotransferase levels are too 
small to suggest hepatic insufficiency. 

B Even if cisatracurium could be safer than tubocurarine 
in elderly patients, this is not the primary reason for the use 
of cisatracurium in this patient. 

C, E There are no adverse interactions between propofol 
or diazepam and tubocurarine. 
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Answers and Explanations: HI-6 Antiseizure Drugs 


Questions 1-3 

1. K 

2. G 

3. I 

learning objective: Identify the two neurotransmitters most likely 

involved in the pathogenesis of epilepsy. 

4. E Epilepsy is a chronic recurrent disorder of cerebral function 
that may be characterized by repeated seizures. The essence 
of epilepsy is probably a chronic low seizure threshold that 
can be due to several mechanisms. A leading theory postu- 
lates that the cause of seizures is either the attenuation of 
pre- and/or postsynaptic inhibition (mainly due to a genetic 
or pathology-induced hypofunction of GABA neurons) or an 
increased effectiveness of excitatory synapses (mainly due to 
a genetic or pathology-induced hyperfunction of glutamate 
neurons). 

A-D, F See correct answer explanation. 


foaming objective: Explain the mechanism of action ofphenytoin 
on ion channels. 

5. B Phenytoin primarily blocks inactivated voltage-gated Na + 
channels. This blockade is frequency-dependent (also called 
use-dependent). That is, channels that open and close at high 
frequency are more susceptible to block than channels that 
open and close at low frequency. This can explain why phe- 
nytoin can readily suppress the discharge from an epileptic 
focus (where the neurons are discharging at high frequency) 
with negligible effects on normal-firing neurons. 

A Na + channels that are in a resting state are not signifi- 
cantly affected by antiseizure drugs. 

C See correct answer explanation. 

D-F Phenytoin has negligible effects on K + channels at ther- 
apeutic concentrations. 



learning objective: Describe the effect of carbamazepine on the 
P-450 system. 

6. B Carbamazepine is a potent enzyme inducer and can induce 
its own metabolism; this appears to be mediated via its ef- 
fects on the hepatic CYP3A4 isoenzyme. Onset of enzyme 
induction is at about 3 days, with maximum effect at about 
30 days. 

A, C Valproic acid and lamotrigine are used to treat simple 
partial seizures but are not inducers of the P-450 system. 

D, E Ethosuximide and clonazepam are not inducers of 
the P-450 system and are not used to treat simple partial 
seizures. 

Learning objective: Describe the drug interaction between val- 
proic acid and lamotrigine. 

7. E Valproic acid can inhibit CYP2C9 and glucuronosyltrans- 
ferase,thus decreasing the biotransformation ofmany drugs, 
including lamotrigine, carbamazepine, phenytoin, topiramate, 
and felbamate. 

A,BPhenytoin and phenobarbital actually can induce P-450 
enzymes, thus increasing, not decreasing, the biotransfor- 
mation ofmany drugs. 

C, D, F Levetiracetam, clonazepam, and gabapentin do not 
cause relevant drug-drug interactions. 

Learning objective: Describe the adverse effects of phenytoin. 

8. GThe signs ofthe patient are classical adverse effects ofphe- 
nytoin. Hirsutism and gingival hyperplasia occur to some 
degree in most patients. Blurred vision, diplopia, and broad- 
ening of the lips and nose are associated in some patients 
with long-term use ofthe drug. 

A-F These drugs do not cause the array of adverse effects 
exhibited by the patient. 

learning objective: Describe the interaction between carbamaze- 
pine and oral contraceptives. 

9. FThere have been several reports of reduced efficacy of oral 
contraceptives in patients receiving various antiseizure drugs. 
Carbamazepine, phenytoin, phenobarbital, and felbamate 
have been shown to increase the metabolism of ethinyl es- 
tradiol and progestins by inducing microsomal enzymes. 
This effect is not associated with other anticonvulsant drugs, 
including lamotrigine, valproic acid, clonazepam, gabapen- 
tin, and levetiracetam. 

A-E See correct answer explanation. 

learning objective: Explain the mechanism of action of valproic 
acid. 

10. A The mechanisms of action of valproic acid have not been 
fully established, but they are most likely multiple, including 

• State-dependent blockade of inactivated Na + channels 

• Blockade of NMDA receptor-mediated excitation 


• Blockade of T-type Ca 2+ channels in thalamic neurons 

• Increased GABA content in the brain (mechanism is 

uncertain) 

• Opening K + channels (at high doses) 

B-F None of these drugs have all of the mechanisms men- 
tioned in the question. 

foaming objective: Explain the mechanism of action of etho- 
suximide. 

11. B Ethosuximide is a first-line agent for absence seizures. It 
most likely acts by blocking voltage-gated T-type Ca 2+ chan- 
nels in thalamic neurons. These channels are located on the 
dendrites of relay thalamic neurons, which connect the 
thalamus to the cortex. When these channels are activated 
(during sleep or, for unknown reasons, during an absence 
seizure), the neurons provide an oscillatory firing rate to the 
cortex, which has a characteristic 3-Hz spike and wave read- 
out on an electroencephalogram. Excitatory input from the 
cortex in turn activates the thalamic neurons, thus reinitiat- 
ing the cycle. Therefore, the absence seizure is generated by 
a self-sustained cycle of activity between the thalamus and 
the cortex. Drugs such as ethosuximide and valproic acid, 
which are able to block voltage-sensitive T-type Ca 2+ chan- 
nels in the thalamus, are effective in absence seizures. 

A, C-F Therapeutic doses of ethosuximide do not have 
these actions. 

Learning objective: Outline the therapeutic use of valproic acid. 

12. D The patient was most likely suffering from myoclonic sei- 
zures, a type of epilepsy that occurs mainly during child- 
hood. Valproic acid is a first-line agent for myoclonic seizures 
and can control the symptoms in most cases. Levetiracetam, 
clonazepam, lamotrigine, ethosuximide, and topiramate also 
can be effective. 

A-C Phenytoin, carbamazepine, and phenobarbital can 
actually worsen myoclonic seizures. 

E, F Gabapentin and acetazolamide are not effective in 
myoclonic seizures. 

Learning objective: Outline the therapeutic uses of pheno- 
barbital. 

13. D Provision of a patent airway and adequate oxygenation are 
the initial steps in management of status epilepticus. Emer- 
gency drugs include benzodiazepines for seizure control. 
The control may be short-lived, however, requiring intrave- 
nous (IV) phenytoin infusion. If refractory status epilepticus 
continues after initial treatment, additional IV phenobarbi- 
tal or thiopental may be given, placing the patient in barbi- 
turate coma. 

A-C, E, F These drugs are not used to treat status epi- 
lepticus. 



learning objective: Describe the adverse effects of lamotrigine. 

14. F Lamotrigine causes a generalized erythematous skin rash 
in about 85%of patients taking the drug. Several antiseizure 
drugs can cause skin hypersensitivity reactions, but lamo- 
trigine is by far the drug most frequently involved. The rash 
is usually mild, but severely affected patients may develop 
Stevens-Johnson syndrome. The incidence of skin rash is 
higher in children, and some studies suggest that a poten- 
tially life-threatening dermatitis can develop in 1 to 2%of 
pediatric patients. 

A-E The risk of these adverse reactions is negligible. 

foaming objective: Describe a mechanism of action common to 
several antiepileptic drugs. 

15. E A partial seizure results from synchronous, rapid, uncon- 
trolled firing from a group of neurons and a loss of sur- 
rounding cell inhibition. Antiseizure drugs act to enhance 
central nervous system (CNS) inhibition (i.e., by increasing 
GABAergic activity or by decreasing glutamatergic activity) 
and prevent the spread of synchronous activity (i.e., by 
blocking inactivated Na + channels, thus increasing the re- 
fractory period of nerve fibers). Several antiseizure drugs 
effective against partial seizures act by blocking inactivated 
Na + channels. 

A Antiseizure drugs do not affect neuromuscular trans- 
mission. 

B-D All of these actions would decrease, not increase, the 
inhibitory activity of the CNS cells surrounding the rapidly 
firing neurons. 

learning objective: Describe the main features of the pharmaco- 
kinetic ofphenytoin. 

16. CPhenytoin is one of the very few drugs that exhibit first- 
order elimination kinetics at low doses but switch to zero- 
order elimination kinetics at higher doses; that is, the 
elimination kinetics of the drug is dose-dependent. Import- 
ant consequences of dose-dependent kinetics are 

• The clearance and the half-life of the drug are dose- 
dependent. 

• The time taken to reach steady state is also dose-depen- 
dent and therefore cannot be predicted. 

• A slight increase in dose can have a big effect on plasma 
levels, leading to toxicity. 

A, B, D— F All of these drugs follow first-order elimination 
kinetics. 

learning objective: Explain the main molecular mechanism of 
action of carbamazepine. 

17. D Like phenytoin, carbamazepine causes a voltage- and 
frequency-dependent blockade of inactivated Na + channels. 


This is most likely the primary mechanism of action of the 
drug. 

A-C, E, F Carbamazepine interactions with all ofthese mo- 
lecular targets have been proposed, but their role in the final 
therapeutic effect of the drug is still uncertain. 

learning objective: Describe the adverse effects of carbamazepine. 

18. C Some of the adverse effects of carbamazepine are re- 
lated to cerebellar-vestibular impairment. The most common 
dose-related adverse effect of this kind is ataxia (up to 15% 
of patients). 

AThis would be an adverse effect ofphenytoin. It does not 
occur with carbamazepine. 

B, D-F All these are serious but quite rare adverse effects 
of carbamazepine. 

foaming objective: Outline the antiseizure uses of diazepam. 

19. C The history of the patient and the lack of neurologic and 
laboratory findings indicate that he was most likely affected 
by febrile seizures, which are the most common type of sei- 
zures observed in the pediatric population. Anticonvulsant 
therapy is usually not required if a patient has recovered 
from an isolated seizure, but a preventive treatment can be 
appropriate ifthe patient experiences repeated fever-related 
seizures, as in this case. Diazepam, given rectally as soon as 
a febrile illness appears and maintained until the patient is 
afebrile for 24 hours, can decrease the number of febrile sei- 
zures and is considered the agent of choice. 

A, B, D-F These drugs are not appropriate for pediatric 
febrile seizures. 

foaming objective: Outline the therapeutic uses of lamotrigine. 

20. F Lamotrigine is effective in simple partial seizures, as well 
as in generalized tonic-clonic and absence seizures. It appears 
to have comparable effectiveness with more traditional anti- 
convulsant drugs, such as valproic acid, carbamazepine, and 
phenytoin. The primary mechanism of action of lamotrigine 
most likely includes a frequency-dependent blockade of 
voltage-gated Na + channels. 

C-E Valproic acid, carbamazepine, and phenytoin are first- 
choice drugs in partial seizures, but they are contraindicated 
when there is a risk of acute intermittent porphyria, because 
they can trigger an attack. Because acute intermittent por- 
phyria is an autosomal disorder, it is better to avoid these 
drugs in patients whose parents are known to suffer from 
the disease, as in this case. 

A, B Diazepam and ethosuximide are not effective in sim- 
ple partial seizures. 




learning objective: Outline the therapeutic uses of levetiracetam. 

21. A Levetiracetam is an antiseizure drug approved for partial, 
tonic-clonic, and myoclonic seizures. The drug appears to be 
well tolerated and has no significant drug interactions. Sev- 
eral antiseizure drugs are effective in partial seizures. How- 
ever, in thispatient, other drugs are relatively contraindicated 
(see answer explanations below). 

BPhenytoin can decrease insulin secretion. 

C Because carbamazepine is a strong inducer of CYP3A4, 
it could increase the metabolism of several drugs the patient 
was taking. 

D The risk ofvalproic acid hepatitis is increased in patients 
with liver disease. 

ETopiramate can cause glaucoma. 

F Zonisamide can cause kidney stones. 

Learning objective: Outline the therapeutic uses of topiramate. 

22. B Lennox-Gastaut syndrome is a devastating pediatric epi- 
lepsy syndrome (onset 1 to 14 years) characterized by mul- 
tiple types of seizures. Topiramate is a drug with a broad 
spectrum of action that includes almost all types of epileptic 
seizures. Recently, it was approved by the U.S. Food and Drug 
Administration for Fennox-Gastaut syndrome. 

A, C-G None of these drugs have a broad spectrum of an- 
tiepileptic activity. 

Learning objective: Outline the therapeutic uses of gabapentin. 

23 . B Gabapentin is a second-generation antiseizure drug that is 
used for patients with partial seizures who have failed the 
initial treatment, as in this case. In general, if the initial drug 
does not control seizures, a trial with another agent should 
be attempted before considering a multidrug regimen. 

A, C, D Ethosuximide, diazepam, and acetazolamide are 
not effective in partial seizures. 

E, F Carbamazepine and phenytoin are effective in partial 
seizures, but they are contraindicated in this patient because 
of atrioventricular block. 

foaming objective: Outline the therapeutic uses of ethosuximide. 

24. D Valproic acid is classified by the U.S. Food and Drug Ad- 
ministration as pregnancy category D because it increases 
the risk of neural tube defects (up to 20-fold) when given 
during pregnancy. Ethosuximide is instead classified as preg- 
nancy category Cand is a first-line drug for absence seizures. 

A-C, E, F These drugs are not effective (and some of them 
can even be dangerous) in absence seizures. 

foaming objective: Outline the therapeutic use ofvalproic acid. 

25. E Anticonvulsant medications have emerged as an important 
therapeutic option for the prevention of migraine headache. 
Valproic acid is considered a first-line agent, as its efficacy 
has been demonstrated in several placebo-controlled studies. 


Topiramate also has been approved recently for migraine 
prevention. 

A, B Atenolol and verapamil are used for migraine prophy- 
laxis but are contraindicated in this patient because of atrio- 
ventricular block. 

C Amitriptyline is effective for prevention of both mi- 
graine and tension-type headache but is contraindicated in 
this patient because of glaucoma. 

D, F Famotrigine and felbamate are not effective for mi- 
graine prophylaxis. 

foaming objective: Describe the adverse effects of phenytoin. 

26. D The signs and symptoms of the patient indicated that he 
was most likely suffering from peripheral neuropathy and 
lymphadenopathy, which are adverse effects of long-term 
use of phenytoin. Megaloblastic anemia is also an adverse 
effect of phenytoin because the drug inhibits the enzyme 
conjugase, located in the brush border of the intestinal mu- 
cosa. This enzyme hydrolyzes the glutamate residues of 
ingested polyglutamates, thus allowing the absorption of 
monoglutamates. Patients taking chronic high doses of phe- 
nytoin can show megaloblastic anemia, lymphoid hyper- 
plasia, and paresthesias. Knee and ankle tendon reflexes are 
absent in about 18%of these patients, as in this case. 

A-C, E, F None of these drugs show the combination of 
adverse effects exhibited by the patient. 

framing objective: Describe the main features of the pharmaco- 
kinetics of phenytoin. 

27. D Phenytoin elimination is dose-dependent. At very low 
blood levels, phenytoin metabolism follows a first-order ki- 
netics, but as blood level rises within the therapeutic range, 
the maximum capacity of the liver to metabolize phenytoin 
is approached. This means that the elimination of phenytoin 
is dose-dependent, so the clearance of the drug is dose- 
dependent. In this situation, even a small increase in dosage 
may produce a very large increase in phenytoin concentra- 
tion, thus leading to toxic effects, as in this case. 

A The symptoms reported by the patient are not symp- 
toms of a hypersensitivity reaction. 

B This would have caused an increased elimination of the 
drug, making toxicity unlikely. 

C The volume of distribution of a drug is not related to 
drug elimination. 

E The level of the steady state, not the time to reach the 
steady state, is directly related to the toxicity of the drug. 
Moreover, when a drug follows dose-dependent kinetics, the 
half-life of the drug is dose-dependent; therefore, the time 
to reach steady state will be dose-dependent. In fact, with 
low doses, the steady state of phenytoin is reached in about 
4 days. With high doses it may be 4 to 6 weeks before bloods 
levels are stable. 



learning objective: Outline the therapeutic use of valproic acid. 

28. EThe patient’s symptoms indicate that she had a tonic-clonic 
seizure concomitant with her absence seizure. Because etho- 
suximide is not active against mixed seizure disorders, the 
best strategy is to substitute ethosuximide with another drug, 
such as valproic acid, that is active on both types of seizures. 

A-D See correct answer explanation. 

learning objective: Outline the therapy of infantile spasms. 

29. E The boy most likely suffered from infantile spasms (also 
called West syndrome or salaam seizure). They are primarily 
generalized seizures characterized by sudden flexion of the 
arm, forward flexion of the trunk, and extension of the legs. 
Seizures last a few seconds and are repeated many times a 
day. They occur primarily in the first 3 years of life and are 
then replaced by other types of seizures. Mental retardation 
is usually apparent. Most patients have structural brain 
anomalies on neuroimaging studies, as in this case. Drugs 
of choice for infantile spasms are adrenocorticotropic hor- 
mone (ACTH) and corticosteroids (prednisone, dexametha- 
sone, etc.). ACTH seems more effective, but this subject 
remains controversial. Alternative drugs include benzodi- 
azepines (clonazepam), valproic acid, and vigabatrin. The 
therapy of infantile spasms is able to reduce the number of 
attacks in 40 to 50%of patients, but it rarely reduces the pro- 
gression of mental retardation. 

A-D These drugs are not effective in infantile spasms. 

learning objective: Outline the therapeutic uses of carbamazepine. 

30. E The patient’s symptoms suggest that he is affected by 
trigeminal neuralgia, a neuropathy that usually affects only 
adults, especially the elderly. Carbamazepine is a drug of 
choice in this disease, and the benefit is often sustained. If 
the drug is ineffective or produces toxic reactions, other op- 
tions are phenytoin, baclofen, and amitriptyline. 

A, B These anticonvulsants are not effective against tri- 
geminal neuralgia. 

C, D Trigeminal neuralgia is a form of neuropathic pain. 
This type of pain is usually resistant to opioids and analgesic- 
antipyretic drugs. 

Learning objective: Describe the anticonvulsant effect of carbonic 

anhydrase inhibitors. 

31. D The patient most likely received acetazolamide, the proto- 
type drug of carbonic anhydrase inhibitors. These drugs are 
rarely used today, but they can be employed, primarily as 
an add-on therapy, in patients with absence seizures and 
myoclonic seizures refractory to the main treatment. The 
mechanism of anticonvulsant activity of carbonic anhydrase 
inhibitors is not fully understood, but it may depend on a 
direct inhibition of carbonic anhydrase in the central ner- 
vous system. Carbonic anhydrase is a ubiquitous enzyme 


that catalyzes the first part of the reaction that converts 
carbon dioxide (C0 2 ) and water into carbonic acid. By inhib- 
iting this reaction, carbon dioxide tension is increased; the 
gas can diffuse freely across neuronal cell membranes, in- 
hibiting neuronal transmission. 

A-C, E, F These drugs do not affect the intracellular con- 
centration of C0 2 . 

learning objective: Describe the most likely mechanism of action 

of felbamate. 

32. E Felbamate is an anticonvulsant drug approved by the 
U.S. Food and Drug Administration for partial seizures and 
Fennox-Gastaut syndrome. The drug can cause aplastic ane- 
mia and severe hepatitis at unexpectedly high rates and is 
therefore used only as a third-line drug for refractory cases. 
Nevertheless, the drug is frequently used in Fennox-Gastaut 
syndrome, as this type of epilepsy is often resistant to sev- 
eral antiepileptic drugs. The mechanism of anticonvulsant 
action of felbamate most likely involves the ionotropic NMDA 
receptors present in the central nervous system. Seizures 
can be initiated and propagated by stimulation of the NMDA 
receptors, which results in the opening of an ion channel 
that is nonselective to cations. Felbamate produces a use- 
dependent block of NMDA receptors, thereby increasing the 
seizure threshold and preventing the spread of seizures. 

A Felbamate potentiates, not blocks, GABA a receptor 
responses. 

B-D, F Felbamate does not act on these receptors. 

Learning objective: Outline the therapeutic uses of fosphenytoin. 

33. D The patient was most likely suffering from convulsive sta- 
tus epilepticus, a life-threatening neurologic disorder char- 
acterized by a prolonged tonic-clonic seizure or by recurrent 
tonic-clonic seizures without complete recovery of conscious- 
ness between attacks, as in this case. The first-line agents 
for the initial treatment of convulsive status epilepticus are 
lorazepam and diazepam. Other antiseizure drugs that can 
be employed for the initial treatment are fosphenytoin (a 
more soluble prodrug of phenytoin) and phenobarbital. The 
peak effect of fosphenytoin is usually delayed, so this drug is 
used only after the initial treatment with diazepam or loraz- 
epam. Phenobarbital may be used in patients who cannot 
tolerate fosphenytoin or when fosphenytoin is not effective. 

A-C, E, F These drugs are not effective in status epilepticus. 

learning objective: Describe the most likely mechanism of action 

of zonisamide. 

34. D The patient was most likely suffering from an allergic reac- 
tion to lamotrigine, a drug that frequently can cause an ery- 
thematous skin rash. When an antiepileptic drug is effective 
but causes an intolerable hypersensitivity reaction, it is con- 
venient to substitute the offending drug with another agent 



with a different chemical structure but with a similar mech- 
anism of action. Zonisamide, like lamotrigine, blocks both 
Na + channels and Ca 2+ channels and can be used appropri- 
ately in this case. Other antiepileptic drugs whose mecha- 
nisms of action most likely include blockade of both Na + 
channels and Ca 2+ channels are topiramate and valproic acid. 

A-C, E, F None of these drugs can block both Na + channels 
and Ca 2+ channels. 

Learning objective: Describe the adverse effects of valproic acid. 

35. B The signs and symptoms of the patient indicate that she 
was most likely suffering from acute hepatitis, which is the 
most serious adverse effect of valproic acid therapy. The dis- 
ease is rare when valproic acid is given alone, but its occur- 
rence is about 1/6000 when the drug is given with other 
antiseizure drugs, as in this case. Hepatitis is always serious, 
often lethal, and can have a fulminant course. The pathologic 
lesion consists of a microvesicular steatosis without any sign 
of inflammation. The cause of the disease is unknown but is 
most likely idiosyncratic. 

A, C-F Hepatic dysfunction is unusual with all of these 
drugs. 

Learning objective: Describe the antiseizure use of clonazepam. 

36. F Myoclonic seizures consist of short episodes of bilateral 
jerks of a limb, several limbs, or the trunk. Consciousness is 
not lost (unless a generalized seizure occurs). Myoclonic sei- 
zures usually occur during childhood or adolescence (in this 
case, they are called juvenile myoclonic epilepsy, and they 
are usually followed by generalized tonic-clonic seizures). 
Treatment options include valproic acid, clonazepam, and 
several second-generation drugs (lamotrigine, levetiracetam, 
topiramate, and zonisamide). 

A-E These drugs are not effective (and some of them can 
be dangerous) in myoclonic seizures. 

Learning objective: Explain the mechanism of action of 

perampanel. 

37. D Perampanel is the prototype of a new class of antiseizure 
drugs that act as noncompetitive antagonists of AMPA re- 
ceptors on brain neurons. These are ionotropic transmem- 
brane receptors that are part of a ligand-gated ion channel, 
which is permeable mainly to Na + and K + . AMPA receptors 
mediate fast, excitatory neurotransmission and have a criti- 
cal role in seizure development and spreading. By blocking 
these receptors, perampanel can reduce neuronal excitabil- 
ity. The drug has been approved for adjunct treatment of 
simple partial seizures and is mainly used in poorly con- 
trolled partial seizures, as in this case. 

A-C, E, F These drugs have no effect on AMPA receptors. 


Learning objective: Explain the mechanism of action of 

lamotrigine. 

38. B Lamotrigine is a second-generation antiepileptic drug that 
likely acts with multiple mechanisms, including blockade of 
voltage-gated Na + channels, blockade of voltage-gated Ca 2+ 
channels (mainly of L, N, and P types), and inhibition of glu- 
tamate release. The drug is commonly added to valproic acid 
therapy in patients resistant to valproic acid alone, as it has 
been shown that this is the only combination that can con- 
sistently increase the efficacy of the therapy. 

A, C-F See correct answer explanation. 

Learning objective: Describe the therapeutic use of valproic acid. 

39. C All current antiepileptic drugs, with the exception of etho- 
suximide, can be used in the treatment of complex partial 
seizures. However, in this patient carbamazepine, phenytoin, 
and zonisamide are contraindicated (see explanations below). 

A, B Carbamazepine and phenytoin are contraindicated 
in case of atrioventricular block because the drug-induced 
blockade of inactivated Na + channels can slow down the 
heart conduction, exacerbating the disease. 

D See correct answer explanation. 

E Zonisamide is approved for adjunctive treatment of par- 
tial seizures. However, it can cause nephrolithiasis in about 
2.5%ofpatients and is therefore contraindicated in this case. 

learning objective: Explain the mechanism of action of ezogabine. 

40. E Ezogabine (the drug is called retigabine outside the United 
States) is the prototype of a new class of antiseizure drugs 
that act by opening a certain family of K + channels on brain 
neurons. This action hyperpolarizes the neuronal cell mem- 
brane, making the neuron less excitable. This mechanism 
of action is unique among antiepileptic drugs and may hold 
promise for the treatment of other neurologic conditions, 
including migraine and neuropathic pain. 

A-D, F These drugs have no effect on K + channels. 


ANTISEIZURE DRUGS 

Answer key 

1 . 

K 

6. 

B 

11. 

B 

16. 

C 

2. 

G 

7. 

E 

12. 

D 

17. 

D 

3. 

I 

8. 

G 

13. 

D 

18. 

C 

4. 

E 

9. 

F 

14. 

F 

19. 

C 

5. 

B 

10. 

A 

15. 

E 

20. 

F 

21. 

A 

26. 

D 

31. 

D 

36. 

F 

22. 

B 

27. 

D 

32. 

E 

37. 

D 

23. 

B 

28. 

E 

33. 

D 

38. 

B 

24. 

D 

29. 

E 

34. 

D 

39. 

C 

25. 

E 

30. 

E 

35. 

B 

40. 

E 



Answers and Explanations: HI-7 Drugs for Degenerative Disorders of the 
Central Nervous System 


Questions 1-5 

1. B 

2. E 

3. H 

4. I 

5. F 

learning objective: Explain the mechanism of action of levodopa 

in Parkinson disease. 

6. C Dopamine cannot cross the blood-brain barrier and there- 
fore has no therapeutic effects in parkinsonism if given into 
the peripheral circulation. However, levodopa, the immediate 
precursor of dopamine, is readily carried across the blood- 
brain barrier by the neutral amino acid transporter. In the 
brain, levodopa is biotransformed into dopamine within the 
presynaptic terminals of dopaminergic neurons in the stria- 
tum. These neurons are therefore able to release more dopa- 
mine, and this balances the loss of dopaminergic neurons, 
which constitutes the pathologic basis of Parkinson disease. 

A Dopaminergic receptors are upregulated, not downregu- 
lated, due to the decreased availability of dopamine in the 
striatum. 

B Subthalamic neurons are mainly glutamatergic, not 
dopaminergic. 

D This action would decrease, not increase, the availability 
of dopamine in basal ganglia. 

E The inhibition of catechol-O-methyltransferase (COMT) 
would increase the availability of dopamine, but this is an 
action of COMT inhibitors, not of levodopa. 

learning objective: Describe the treatment of parkinsonian tremor 

resistant to dopaminergic therapy. 

7. D Parkinsonian tremor is often less responsive to dopami- 
nergic therapy than other symptoms. Tremor can be wors- 
ened by peripheral factors, such as catecholamine release, 
often in association with stress or anxiety. Propranolol im- 
proves parkinsonian tremor in about 50%ofpatients, so a trial 
with propranolol can be appropriate for this patient. 

A, B, E All of these procedures would minimally affect the 
patient’s tremor. 

C Anticholinergic drugs can improve tremor but they are 
usually better avoided in the elderly because of an increased 
risk of adverse effects. 


Learning objective: Describe the adverse effects of levodopa. 

8. B The adverse effects reported by the patient and the timing 
of the effects suggest that they are levodopa-induced dyski- 
nesias, which occur in up to 80% of patients receiving the 
drug for long periods. The development of dyskinesias is 
dose-related, and dyskinesias are usually associated with 
peak striatal dopamine levels or when the level ofthe drug is 
rising or falling. The exact mechanism of these dyskinesias 
is not known, but simplistically it can be thought of as too 
much movement caused by too much striatal dopamine re- 
ceptor stimulation. 

A, C-E Some of these drugs (selegiline and entacapone) 
can cause dyskinesias, but they are never used as the sole 
agent to treat Parkinson disease for long periods. 

Learning objective: Describe the main drug interactions with 
levodopa. 

9. E The symptoms reported by the patient point out a wors- 
ening of his Parkinson disease. Metoclopramide, a prokinetic 
drug used to treat diabetic gastroparesis, can block dopa- 
mine D 2 receptors in the brain, thus leading to a decreased 
levodopa effect that explains the worsening of parkinsonian 
symptoms. 

A-D See correct answer explanation. 

Learning objective: Describe the clinical use of benztropine in 
Parkinson disease. 

10. C Autonomic dysfunction is a prominent feature of Parkin- 
son disease, and postural hypotension, urinary urgency, and 
sialorrhea are common symptoms. Sialorrhea occurs in up to 
55%of patients and responds to anticholinergic drugs such 
as benztropine. 

A, B, D, E These antiparkinson drugs have minimal effects 
on sialorrhea. 

learning objective: Explain the mechanism of action of 
pramipexole. 

11. A The symptoms ofthe patient indicate that she was most 
likely suffering from Parkinson disease. Dopaminergic ago- 
nists such as pramipexole are often first-line agents in anti- 
parkinson therapy, especially in younger patients, as their 
use seems associated with a lower incidence of response 
fluctuations and dyskinesias that can occur with long-term 
levodopa therapy. 

B-F These drugs are not dopaminergic agonists. 



learning objective: Describe the adverse effects of bromocriptine. 

12. A Bromocriptine is an ergot-derived dopamine agonist. 
Ergot-derived drugs may cause connective tissue prolifera- 
tion leading to fibrosis in different organs, including pul- 
monary, pleural, and retroperitoneal fibrosis. The exact 
mechanism of this adverse effect is still unknown, but bro- 
mocriptine is no longer used in Parkinson disease due to this 
e ffe ct . 

B-F These drugs do not cause pulmonary fibrosis. 

Learning objective: Outline the therapeutic use ofpramipexole. 

13. D The patient presented with signs and symptoms typical of 
Parkinson disease (PD). The four classic features of PD, that 
is, tremor, rigidity (tightness in his arms and legs), brady- 
kinesia (lack of normal changes in facial expression), and 
postural instability (festinating gait), are easily recognized. 
Pramipexole is a dopamine receptor agonist that is effective 
when used as monotherapy for mild parkinsonism. Dopami- 
nergic agonist therapy of parkinsonism can be initiated with 
a dopamine agonist, especially in younger patients, as these 
drugs have a number of potential advantages over levodopa, 
including a lower incidence of response fluctuations and 
dyskinesias. 

A-C Currently, carbidopa, entacapone, and benztropine are 
not used as monotherapy, but only in addition to levodopa 
therapy. 

E, F Clonazepam and propranolol are only used adjunc- 
tively to control symptoms such as tremor (propranolol) and 
myoclonus (clonazepam) that, in a particular patient, are 
resistant to conventional therapy. 

learning objective: Explain the mechanism of action of selegiline. 

14. CTwo isoenzymes of monoamine oxidase (MAO) metabolize 
monoamines. MAO-A metabolizes primarily norepineph- 
rine and serotonin, MAO-B metabolizes primarily dopamine 
and is predominant in the striatum. Selegiline is a selective 
inhibitor of MAO-B, leading to irreversible inhibition of the 
enzyme, thus retarding the breakdown of dopamine in the 
striatum. Because MAO-B is primarily found in the brain, 
selegiline does not inhibit the peripheral metabolism of do- 
pamine and can be safely taken with levodopa. 

A, B, E See correct answer explanation. 

D Because phenelzine is a nonselective inhibitor of MAO, it 
can reduce the metabolism of dopamine. However, it is not 
used in Parkinson disease because it can lead to hyperten- 
sive crises probably due to the peripheral accumulation of 
norepinephrine. 


Learning objective: Explain the mechanism of antiparkinson ac- 
tion ofbenztropine. 

15. B In Parkinson disease, the loss of dopaminergic neurons re- 
sults in a loss of the balance that normally exists between 
acetylcholine- and dopamine-mediated neurotransmission. 
Antimuscarinic drugs such as benztropine seem to act by 
blocking muscarinic receptors in the striatum, thus decreas- 
ing the abnormally high cholinergic tone, which results from 
lack of the inhibitory activity of dopamine. These drugs 
may improve tremor and rigidity but have little effect on 
bradykinesia. 

A, C-E Antimuscarinic drugs do not have these effects. 

Learning objective: Describe the adverse effects ofbenztropine. 

16. EThe symptoms of the patient are typical adverse effects of 
antimuscarinic drugs, such as benztropine. These drugs had 
been used extensively in the past before the discovery of 
levodopa. Because of their undesirable adverse effect profile 
and poor efficacy, today they are usually reserved for the 
treatment ofpersisting resting tremor, particularly in younger 
patients, as in this case. 

A-D, F None of these drugs cause the set of symptoms 
reported by the patient. 

Learning objective: Outline the pharmacotherapy of restless leg 

syndrome. 

17. C Restless leg syndrome is characterized by abnormal mo- 
tion and sometimes sensations in the legs that interfere with 
sleep. The disorder can occur in isolation but is more com- 
mon during pregnancy, chronic renal or liver failure, iron 
deficiency anemia, or diabetes, as in this case. The cause 
of the disorder is unclear but may involve abnormalities in 
dopamine neurotransmission in the central nervous system. 
Numerous drugs have been used to treat the disorder, but 
only dopaminergic therapy is specific and is the preferred 
treatment for restless leg syndrome. Dopamine agonists 
such as pramipexole have replaced levodopa as a first-line 
therapy. 

A, B, D-F These drugs are not effective in restless leg 
syndrome. 

Learning objective: Explain the mechanism of action of carbidopa 

in Parkinson disease. 

18. D Carbidopa is a dopa decarboxylase inhibitor that cannot 
cross the blood-brain barrier. When levodopa is given in 
combination with carbidopa, the peripheral metabolism of 
levodopa is reduced, plasma levels of levodopa are higher, 
and more levodopa is available to enter the brain. Concomi- 
tant administration of levodopa and carbidopa may reduce 
the daily requirement for levodopa by about 75% 

A-C, E Carbidopa does not cause these actions. 




learning objective: Describe the treatment for levodopa-induced 
hallucinations. 

19. E The patient’s symptoms are typical mental disturbances 
caused by levodopa and are more common in patients tak- 
ing the drug in combination with carbidopa, presumably 
because higher levels are reached in the brain. Psychotic 
symptoms including hallucinations often respond to neuro- 
leptic treatment, but classical neuroleptics are not indicated 
because they may cause marked worsening ofparkinsonism, 
likely through the blockade of D 0 receptors in the striatum. 
Atypical neuroleptics such as clozapine have negligible block- 
ing activity at D 2 receptors, do not worsen parkinsonism, and 
are effective in the treatment of levodopa-induced psychotic 
symptoms. 

A Selegiline has only a minor therapeutic effect on par- 
kinsonism when given alone; therefore, the substitution of 
levodopa with selegiline most likely would cause a worsen- 
ing ofParkinson disease. 

B Dopaminergic agonists such as pramipexole can cause 
mental disturbances very similar to those caused by levo- 
dopa, likely because both adverse effects have the same un- 
derlying mechanism. 

C, D Mental disturbances can be exacerbated, not allevi- 
ated, by concurrent anticholinergic or amantadine therapy. 

Learning objective: Describe the adverse effects of levodopa. 

20. C Postural hypotension is the most common cardiovascular 
adverse effect of levodopa, especially in the early stage of 
treatment. Levodopa is a prodrug, and all of its effects are 
due to dopamine. Postural hypotension is most likely due 
both to activation of Dj receptors in the renal and mesen- 
teric vascular bed, which leads to vasodilation, and to activa- 
tion of Dj receptors in the proximal tubule, which causes 
inhibition of tubular sodium reabsorption, thus increasing 
diuresis. Even ifperipheral adverse effects are reduced when 
carbidopa is given together with levodopa, the risk of pos- 
tural hypotension is significant, especially in older patients, 
as in this case. 

A Dopamine has negligible effects on accommodation, so 
blurred vision is unlikely. 

B Dopamine can activate adrenoceptors in the gastro- 
intestinal system. Activation of these receptors in the gas- 
trointestinal smooth muscle causes hyperpolarization and 
relaxation, so diarrhea is unlikely. 

D Dopamine can activate (3 adrenoceptors in the heart, 
causing tachycardia, not bradycardia. 

E Dopamine can cause dyskinesias, but bradykinesia is a 
classic symptom of parkinsonism, which is in fact alleviated, 
not caused, by levodopa. 


Learning objective: Describe the reduction of the peripheral ef- 
fects of levodopa by adding carbidopa to the treatment. 

21. B Carbidopa is an inhibitor ofdopa decarboxylase that can- 
not cross the blood-brain barrier. When given with levodopa, 
it diminishes the peripheral metabolism of levodopa, in- 
creasing its availability to enter the central nervous system. 
Therefore, the needed dose of levodopa can be lowered by 
about 5-fold, and the peripheral adverse effects of levodopa 
are consequently reduced. 

A, C-E These are central adverse effects of levodopa. They 
are not reduced and might even be increased, as more 
levodopa can enter the brain. 

Learning objective: Describe the main contraindications of 

pramipexole. 

22. C Dopaminergic drugs, such as pramipexole, levodopa, and 
amphetamines, etc., are contraindicated, or should be used 
with caution, in patients with a history of psychosis, as they 
consistently exacerbate the symptoms of schizophrenic dis- 
orders. 

A, B, D-F These drugs are not contraindicated in Parkinson 
patients with a history of psychosis. 

learning objective: Explain the mechanism of action of entacapone. 

23. B Entacapone is a peripheral inhibitor of catechol-O-methyl- 
transferase (COMT). Substrates of the enzyme are levodopa 
and catecholamines. In the presence of a decarboxylase 
inhibitor (e.g., carbidopa), COMT becomes the major me- 
tabolizing enzyme for levodopa, which is transformed into 
3-O-methyldopa in the gut and the liver. By inhibiting the 
enzyme, entacapone causes the following actions: 

• More levodopa becomes available for active transport into 
the central nervous system (CNS). 

• Less 3-O-methyldopa can compete with levodopa for ac- 
tive transport into the CNS. 

A, C-E These drugs do not alter the amount of levodopa in 
the patient’s brain. 

learning objective: Describe the main contraindications of 

benztropine. 

24. B Anticholinergic drugs such as benztropine are sometimes 
used in Parkinson disease but are contraindicated in case 
ofprostatic hypertrophy, because they decrease the contrac- 
tion of the detrusor muscle, and in the case of chronic con- 
stipation, as they decrease intestinal peristalsis. In addition, 
they are relatively contraindicated in elderly individuals (see 
the patient’s age) because the risk of their central adverse 
effects increases with age. 

A, C-F See correct answer explanation. 



learning objective: Describe the adverse effects of amantadine. 

25. D Livedo reticularis can occur in up to 80%of patients taking 
amantadine and usually clears within 1 month after drug 
withdrawal. The disorder is believed to be caused by local 
release of catecholamines that can cause vasoconstriction. 

A-C, E, F These drugs do not cause livedo reticularis. 

Learning objective: Explain the mechanism of levodopa-induced 

cardiac arrhythmias. 

26. C A variety of cardiac arrhythmias have been described in 
patients receiving levodopa. Like all levodopa-induced ef- 
fects, they are due to dopamine that can activate cardiac 
pj and p 0 adrenoceptors. Concomitant administration of 
carbidopa reduces the likelihood of these effects, but ar- 
rhythmias are sometimes reported in patients receiving 
levodopa/carbidopa, as in this case. 

A There are no dopamine receptors in the heart that 
modulate cardiac rhythm. 

B, D, E Dopamine does not cause these actions. 

Learning objective: Describe the adverse effects ofdonepezil. 

27. B The drugs most frequently used in Alzheimer disease are 
cholinesterase inhibitors, such as donepezil and rivastigmine. 
Although these drugs preferentially inhibit acetylcholines- 
terase in the central nervous system, they can cause most of 
the adverse effects shared by all cholinergic drugs, which are 
due to the activation of cholinergic receptors. Effects affecting 
the gastrointestinal tract (nausea, vomiting, and diarrhea) 
occur in about 1 5%of patients taking the drug. 

A, C-E These effects are usually caused by antimuscarinic, 
not cholinergic, drugs. 

Learning objective: Outline the therapeutic uses of amantadine. 

28. D Dyskinesias are frequent adverse effects of long-term 
therapy with levodopa or dopamine agonists. The effects are 
dose- and time-dependent; dyskinesias occur in most pa- 
tients receiving levodopa therapy for long periods of time. 
Amantadine is useful for suppressing levodopa-induced dys- 
kinesias, and its effect is thought to be due to blockade of 
A-methyl-d-aspartate (NMDA) receptors. 

Dyskinesias caused by dopaminergic drugs are different 
from the movement disorders caused by Parkinson disease 
where tremor, bradykinesia, and akinesia are the prevalent 
symptoms. However, it is worth noting that even drugs that 
block dopamine receptors (i.e., neuroleptics) can cause dys- 
kinesias. Because levodopa-induced dyskinesias may be trig- 
gered when the level of the drug is rising or falling, the 
mechanism ofthe effect may be related to an unequal distri- 
bution of striatal dopamine. 

A-C, E These drugs would worsen, not decrease, 
dyskinesias. 


Learning objective: Outline the pharmacotherapy of Alzheimer 

disease. 

29. CThe man was most likely in the early stages of Alzheimer 
disease (AD). He displayed several symptoms associated 
with dementia, including impaired reasoning (recognition 
deficits), loss of memory, confusion, and disorientation. A 
major approach to the treatment of AD has involved the 
attempt to augment the cholinergic function in the brain, 
because a loss of cholinergic neurons is a prominent feature 
of the disease. Donepezil, rivastigmine, and galantamine are 
cholinesterase inhibitors approved for treatment of AD. 

A, B, D Sedative and neuroleptic drugs are usually contra- 
indicated in dementias. 

E Physostigmine is a cholinesterase inhibitor that can 
enter the brain but is not used in dementias because of its 
frequent and often serious adverse effects. 

Learning objective: Outline the treatment ofthe on-off periods of 

Parkinson disease. 

30. D The patient is most likely suffering from the on-off phe- 
nomenon, in which off periods of marked akinesia alternate 
over the course of a few hours with on periods of improved 
mobility and marked dyskinesia. These response fluctuations 
can be decreased by adjunctive drugs, including dopamine 
agonists such as pramipexole, catechol-O-methyltransferase 
(COMT) inhibitors such as entacapone, and, in some cases, 
selegiline. 

A-C, E These drugs are not useful to improve response 
fluctuations. 

Learning objective: Describe the adverse effects of pramipexole. 

31. CPramipexole is a dopamine D 2 receptor agonist often used 
as the starting therapy for Parkinson disease, mainly in pa- 
tients younger than 60. All dopamine D 0 receptor agonists, 
as well as levodopa, can cause nausea and vomiting. When 
levodopa is given alone, nausea and vomiting occur in about 
80%of cases. Levodopa plus carbidopa, or D 0 receptor ago- 
nists, cause nausea and vomiting in about 1 5 to 25%of cases. 
The effect is most likely mediated by the activation of D 0 re- 
ceptors in the chemoreceptor trigger zone and nucleus of 
the tractus solitarius, two centers located in the brainstem 
that send signals to the vomiting center. Fortunately, toler- 
ance to the nauseant effects develops in many patients. 

A, B, D, EThese drugs cause nausea in less than 5%of cases. 
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Answers and Explanations: HI-8 Neuroleptic Drugs 


Questions 1-3 

1. C 

2. D 

3. A 

learning objective: Describe the site of action of neuroleptics- 

induced tardive dyskinesia. 

4. D The many years of antipsychotic therapy and the signs and 
symptoms ofthe patient indicate that she was most likely suf- 
fering from tardive dyskinesia, an extrapyramidal syndrome 
caused by long-term neuroleptic treatment. The cause of the 
syndrome is unknown, but one of the most commonly ac- 
cepted hypotheses relates the syndrome to a sensitization of 
dopamine receptors in the caudate-putamen. 

A-C, E, F All of these structures can be involved in the ac- 
tions of neuroleptics, but the primary dysfunction underlying 
tardive dyskinesia occurs in the striatum. 

learning objective: Explain the mechanism of chlorpromazine - 

induced urinary retention. 

5. B Prostatic hyperplasia is the most common cause of diffi- 
culty in urination in aged men. If a drug with antimuscarinic 
effects, such as chlorpromazine, is given to a man with pros- 
tatic hyperplasia, the medication can trigger complete uri- 
nary retention due to relaxation of the detrusor muscle of the 
bladder. 

A Chlorpromazine has no effect on the urine formation. 

C Actually, captopril can increase diuresis by inhibiting 
aldosterone production. 

D, E These prazosin-induced effects would have facilitated, 
not hindered, the voiding of the bladder. 

Learning objective: Outline the efficacy of neuroleptics against 

positive symptoms of schizophrenia 

6. D Positive symptoms of schizophrenia (delusions, hallucina- 
tions, disorganized speech, grossly disorganized behavior, etc.) 


are usually better controlled by typical neuroleptic drugs 
than negative symptoms (alogia, avolition, affective flatten- 
ing, social withdrawal, etc.). It seems that atypical neurolep- 
tics can control negative symptoms better than typical ones. 

A-C, E All of these are negative symptoms of schizophre- 
nia and are less well controlled by a typical neuroleptic like 
haloperidol. 

learning objective: Explain the mechanism ofthe autonomic ad- 
verse effects of clozapine. 

7. E Some atypical neuroleptics such as clozapine have signifi- 
cant blocking activity on muscarinic receptors. The patient’s 
symptoms are classic antimuscarinic effects due to clozapine. 
Blockade of cholinergic M 3 receptors in the salivary glands 
causes dry mouth, in the intestinal system causes a decrease 
in peristalsis, and in the ciliary muscles causes a loss of ac- 
commodation for near vision. 

A-D See correct answer explanation. 

Learning objective: Describe the mental effects of neuroleptics in 
normally healthy individuals. 

8. C In normally healthy people, neuroleptics do not cause eu- 
phoria, but rather a feeling of unpleasantness and discomfort, 
that is, dysphoria. Neuroleptic-induced dysphoria can explain, 
at least in part, why these drugs have no abuse liability. In 
addition to their antipsychotic effects, several neuroleptics 
have pronounced sedative properties (likely mediated by the 
blockade of Hj and 5-HT 2A receptors), which account for the 
sleepiness induced by these drugs. 

A, B, D These effects would be caused by psychostimulant 
drugs, such as amphetamines. 

E Neuroleptics decrease delusions and perseverations that 
are classic psychotic symptoms. 




learning objective: Describe neuroleptic-induced acute dystonia. 

9. A The patient’s assaultive behavior and persecutory delu- 
sions suggest that he was most likely suffering from a schizo- 
phrenic disorder, for which he received a neuroleptic drug. 
The neurologic signs ofthe patient indicated that he suffered 
from acute dystonia, an extrapyramidal symptom that usu- 
ally occurs after few days of high-dose neuroleptic therapy. 
Acute dystonias present with a sudden onset of brief abnor- 
mal postures, such as tongue protrusion, oculogyris crisis, 
torticollis, and unusual positions of the trunk and limbs. The 
extrapyramidal adverse effects of neuroleptics occur more 
often with high-potency drugs, such as haloperidol and 
fluphenazine. 

B, D Sedative-hypnotic drugs, such as benzodiazepines and 
ethanol, have a negligible risk of acute dystonia. 

C, E Antidepressants, such as fluoxetine, and anxiolytics, 
such as buspirone, are not used to sedate an aggressive pa- 
tient and have a negligible risk of acute dystonia. 

F Clozapine, a neuroleptic, has a much lower risk of extra- 
pyramidal adverse effects compared to haloperidol and cur- 
rently is not used to sedate an aggressive patient. 

learning objective: Describe the neuroleptic-induced impairment 
ofthe thermoregulatory function. 

10. B The ability of the body to thermoregulate is dependent 
upon an intact hypothalamic thermoregulatory center. High 
doses of neuroleptics strongly diminish the thermoregula- 
tory function of the hypothalamus. Moreover, clozapine can 
also interfere peripherally with sweating because of its anti- 
muscarinic properties. The result is poikilothermia, in which 
the body cannot respond to heat or cold, and patients be- 
come hypothermic or hyperthermic, depending on the sur- 
rounding temperature. Therefore, in an environment of high 
temperature, neuroleptics can predispose to heat stroke, es- 
pecially if the person is exercising, as in this case. 

A, C-FNone ofthe other listed drugs cause impairment 
of the hypothalamic thermoregulatory center at therapeutic 
doses. 

learning objective: Describe the main contraindication of neuro- 
leptics. 

11. B The symptoms ofthe patient indicate that she was most 
likely suffering from catatonia related to a psychiatric dis- 
order. The use of traditional neuroleptics such as haloperidol 
is avoided in catatonia because ofthe possible development 
of neuroleptic malignant syndrome. 

A, C-F All of these drugs have been used successfully in 
the treatment of catatonia. 


Learning objective: Describe the uses of atypical neuroleptics in 
acute psychotic disorder. 

12. CThe behavior and the symptoms ofthe patient indicated 
that he was most likely affected by an acute psychotic dis- 
order. Risperidone is an atypical neuroleptic with sedative 
properties. Neuroleptics with sedative properties are com- 
monly used intravenously to sedate patients with acute psy- 
chosis and aggressive behavior. Atypical neuroleptics are 
sometimes preferred over older neuroleptics because of 
lower incidence of extrapyramidal adverse effects. 

A, B, D-F These drugs are not used for the acute sedation 
of an aggressive patient. 

foaming objective: Outline the therapeutic uses of clozapine in 
resistant schizophrenia. 

13. D The poor response to several neuroleptic drugs and the 
prevalence of negative symptoms of schizophrenia indicate 
that the patient is a candidate for clozapine therapy. 
Clozapine is the only neuroleptic approved by the U.S. Food 
and Drug Administration for the treatment of resistant 
schizophrenia. 

A, B Because the response to previous therapy was inade- 
quate, it is not useful to try other neuroleptics with activity 
spectra similar to that of chlorpromazine (i.e., thioridazine) 
or haloperidol (i.e., fluphenazine). 

C, E Fluoxetine and lithium are not effective in treating 
schizophrenia. 

learning objective: Outline the therapeutic uses of haloperidol in 
Huntington chorea. 

14. FHuntington disease is a progressive neurodegenerative ge- 
netic disorder that affects muscle coordination and leads to 
cognitive decline and dementia. The disease seems to result 
from functional overactivity in dopaminergic nigrostriatal 
pathways, perhaps because of a deficiency of a neurotrans- 
mitter (likely gamma-aminobutyric acid [GABA]) that nor- 
mally inhibits those pathways. The treatment of the disease 
is supportive. Choreic movements and agitation can be par- 
tially suppressed by neuroleptics such as haloperidol, prob- 
ably because of their antidopaminergic activity. 

A-D These drugs are ineffective in Huntington disease. 

E Although the development of chorea seems related to an 
imbalance of GABA transmission in the basal ganglia (GABA 
is markedly reduced in basal ganglia of patients with Hun- 
tington disease), treatment to supplement GABA activity in 
the brain has been ineffective. 




learning objective: Outline the therapy of an acute psychotic 
state in a patient with concomitant tonic-clonic seizures. 

15. B Neuroleptics are the preferred drugs for the control of 
acute psychotic patients who exhibit aggressive and violent 
behavior. Neuroleptics with significant sedative properties, 
such as chlorpromazine, are usually preferred. Neuroleptics 
lower the seizure threshold, so epileptic patients are at in- 
creased risk of seizures, as in this case. For these patients, a 
prophylactic treatment is appropriate. Because the patient 
had tonic-clonic seizures, an anticonvulsant drug effective 
against grand mal epilepsy (e.g., lamotrigine) is appropriate. 

A, C-F All of the antiseizure drugs in these drug pairs 
are minimally or not effective in generalized tonic-clonic 
seizures. 

Learning objective: Describe the therapeutic uses of fluphenazine 
decanoate. 

16. C The clinical scenario exemplifies a classic case of non- 
compliance, which is a problem in many diseases but is 
especially prominent in psychiatric disorders. The patient 
responded to neuroleptic therapy but relapsed because of 
noncompliance. Noncompliant psychotic patients are good 
candidates for depot drug preparations administered by IM 
injection every 1 to 2 weeks. Neuroleptic depot preparations 
are available for fluphenazine, haloperidol, and risperidone. 
Because fluphenazine was effective and well tolerated, there 
is no need to switch to another neuroleptic. 

A, B, D, E See correct answer explanation. 

Learning objective: Outline treatment of acute psychosis in a sui- 
cidal patient. 

17. E The symptoms of the patient indicated that he was most 
likely suffering from an acute psychotic disorder. Clozapine 
is not a drug of choice for first-episode patients, but it can be 
a first-line drug for a patient with a history of suicidality, 
comorbid substance abuse, and significant negative psy- 
chotic symptoms, as in this case. 

A-D, F See correct answer explanation. 

learning objective: Explain the mechanism of olanzapine -induced 
constipation. 

18. ENeuroleptics can have significant antimuscarinic and anti- 
serotonergic properties in both the central and autonomic 
nervous systems. Atypical neuroleptics such as olanzapine 
can cause a substantial blockade of muscarinic and seroto- 
nergic receptors in the gut, which would explain the consti- 
pation caused by this drug. 

A-D In all of these items, at least one of the mentioned 
receptors is minimally involved in gastrointestinal motility. 


Learning objective: list the brain structure that most likely medi- 
ated the therapeutic effects of neuroleptics. 

19. C Aripiprazole is an atypical (also called second-generation) 
neuroleptic drug. The fact that all neuroleptics block dopa- 
mine receptors supports the hypothesis that their antipsy- 
chotic effect might be mediated by decreased dopaminergic 
transmission in mesolimbic and mesocortical pathways, two 
pathways of the brain dopaminergic system involved in cog- 
nition, stimulus processing, and motivational behavior. 

A, D These two pathways are dopaminergic, but interfer- 
ence with these pathways seems more related to some ofthe 
adverse effects, not to the therapeutic effect of neuroleptics. 

B, E Dopaminergic transmission is scarcely represented in 
these structures. 

learning objective: Explain the mechanism of neuroleptic-induced 

hyperprolactinemia. 

20. D The amenorrhea and galactorrhea are adverse effects of 
neuroleptics that are related to their blockade of D 2 recep- 
tors in the anterior pituitary gland. Dopamine acts as a pro- 
lactin-inhibiting factor by activating these receptors in the 
pituitary. When D 0 receptors are blocked, prolactin secre- 
tion increases. High plasma levels of prolactin can result in 
amenorrhea, galactorrhea, and anovulation in women, and 
azoospermia, impotence, and gynecomastia can develop in 
men. All typical neuroleptics can cause the above-mentioned 
symptoms, whereas atypical neuroleptics are minimally 
associated with hyperprolactinemia. 

A-C, E See correct answer explanation. 

Learning objective: Describe neuroleptic-induced akathisia. 

21. D Akathisia, or uncontrolled motor restlessness, is one of the 
dose-dependent extrapyramidal disorders that can be caused 
by neuroleptics. These disorders occur most frequently with 
butyrophenones and the piperazine side-chain phenothi- 
azines such as fluphenazine. Akathisia is characterized by 
subjective feelings of restlessness and objective signs of pac- 
ing, rocking, and inability to sit or stand in one place for ex- 
tended periods oftime. The disorder develops within days to 
weeks after initiating a neuroleptic therapy. 

A, C, F These are other extrapyramidal disorders that can 
be caused by neuroleptics, but the symptoms are not those 
exhibited by the patient. 

B Rarely, neuroleptics can cause tonic-clonic seizures but 
not complex partial seizures. 

ENeuroleptics can relieve catatonic signs of schizophrenic 
patients. 




learning objective: Describe haloperidol-induced pseudo- 
parkinsonism. 

22. B The signs and symptoms of the patient indicate that he 
was most likely suffering from neuroleptic-induced pseudo- 
parkinsonism. The syndrome is caused by blockade of D 0 
receptors in the caudate-putamen and is more likely with 
neuroleptics that have the highest affinity for D 2 receptors, 
such as fluphenazine and haloperidol. 

A, D, E These neuroleptics rarely cause pseudoparkin- 
sonism. 

C Metoclopramide can block D 2 receptors but is not used 
to treat schizophrenia. 

Learning objective: Outline the use of neuroleptics in case of 
delirium. 

23. B The symptoms of the patient indicate that he was most 
likely suffering from delirium, a severe neuropsychiatric 
syndrome with core features of acute onset and fluctuating 
course, attentional deficits, and generalized severe disorga- 
nization of behavior. Neuroleptics are commonly used drugs 
for delirium, although they are not approved by the U.S. Food 
and Drug Administration for this syndrome. Those with 
low anticholinergic activity are more appropriate, especially 
for older patients. Neuroleptics can lessen agitation and psy- 
chotic symptoms, but they do not correct the underlying 
problem, and, though rarely, they may even exacerbate 
delirium. 

A Clozapine is not a good choice because of its relevant 
risk of agranulocytosis and its relevant anticholinergic 
properties. 

C Benzodiazepines can manage agitation but can worsen 
confusion and can cause delirium in older people. They are 
used mainly when delirium is caused by alcohol with- 
drawal. 

D-F These drugs are not effective for delirium. 

foaming objective: Describe the neuroleptic malignant syndrome. 

24. C The clinical picture is typical of neuroleptic malignant 
syndrome (NMS), a rare but potentially lethal complication 
that may present in a sudden, unpredictable fashion. The 
etiology of NMS is unknown, but a proposed mechanism 
suggests that a neuroleptic-induced, excessively rapid block- 
ade of dopaminergic receptors in the diencephalon may play 
a role. It is uncertain whether NMS is a specific entity or a 
variant of malignant hyperthermia. This latter disorder is 
most commonly associated with administration of haloge- 
nated inhalational anesthetics and depolarizing muscle re- 
laxants. It has a shorter duration (3-5 days) than NMS (5-30 
days). 

A, B, E None of these drugs cause NMS or malignant 
hyperthermia. 


D, F Although these drugs are not used to treat schizophre- 
nia, if given in overdose or in combination with other seroto- 
nergic drugs, they could cause serotonin syndrome, which 
has signs and symptoms similar to those ofNMS. 

Learning objective: Describe the cardiac adverse effects of 
thioridazine. 

25. B Because of her disease, the woman was most likely under 
neuroleptic therapy. 

Neuroleptics (mainly thioridazine and clozapine) can cause 
ECG changes, including prolongation of QT interval, which 
can lead to polymorphic ventricular tachycardia. The thiori- 
dazine effect on QT interval is dose-related and has led to a 
black box warning in the product labeling approved by the 
U.S. Food and Drug Administration. 

A, C, D Trazodone, amitriptyline, and paroxetine can in- 
crease the risk ofpolymorphic ventricular tachycardia under 
certain conditions, but they are not antipsychotic drugs and 
currently are not used in schizophrenia. 

E, F Fithium and lorazepam do not cause prolongation of 
the QT interval. 

foaming objective: Describe the postural hypotension induced by 
atypical neuroleptics. 

26. B The symptoms of the patient indicate that she was most 
likely suffering from postural hypotension. Atypical neuro- 
leptics (with the exception of clozapine) have become first- 
line agents for the treatment of an acute psychotic episode, 
mainly because of few or no acutely occurring extrapyrami- 
dal side effects. Most atypical neuroleptics have significant 
blocking activity on a l receptors, so postural hypotension is 
a frequent adverse effect, as in this case. 

A ffaloperidol is used to treat an acute psychotic episode, 
but postural hypotension is a rare adverse effect, as it has 
minimal blocking activity on a { receptors. 

C-F These drugs are devoid of antipsychotic properties. 

foaming objective: Describe the sexual dysfunction caused by 
thioridazine. 

27. D Thioridazine is recognized as the most common cause 
of neuroleptic-induced sexual dysfunction. Sexual adverse 
effects, however, have also been reported with other typical 
and atypical neuroleptics. The cause of neuroleptic-induced 
sexual dysfunction is related to a number of factors, including 
hyperprolactinemia (via dopamine blockade), a-adrenergic 
and muscarinic blockade, and sedative effects. 

A Because haloperidol caused symptoms of pseudopar- 
kinsonism, the prescription of another neuroleptic with a 
high potential for extrapyramidal side effects is unlikely. 

B, C, E, F All of these drugs can cause sexual dysfunction, 
but they are devoid of antipsychotic properties and are not 
used to treat schizophrenia. 



learning objective: Describe the adverse effects of olanzapine. 

28. C Olanzapine was most likely prescribed because it has sig- 
nificant sedative effects. The drug, however, also has signifi- 
cant muscarinic-blocking activity and therefore can cause 
urinary retention if given to a man with prostatic hyper- 
plasia, as in this case. 

A, B These neuroleptics have minimal antimuscarinic 
activity. 

D-F These drugs have more or less pronounced antimus- 
carinic activity but are devoid of antipsychotic properties. 

foaming objective: Describe neuroleptic-induced gynecomastia. 

29. CThe history and the symptoms of the patient indicate that 
he was most likely suffering from gynecomastia due to a 
neuroleptic with D 2 antagonist activity, such as haloperidol. 
By blocking D 0 receptors, neuroleptics prevent the inhibi- 
tory effect of dopamine on prolactin secretion, thus causing 
hyperprolactinemia. High prolactin plasma levels can in turn 
cause amenorrhea/galactorrhea in women and gynecomas- 
tia in men. 

A Clozapine has low blocking activity on D 2 receptors and 
therefore does not usually cause hyperprolactinemia. 

B, D-F These drugs are not used to treat paranoid 
schizophrenia. 


foaming objective: Describe the hematological adverse effects of 
clozapine. 

30. A The low white blood cell count and the low neutrophil 
percentage indicate that the man was most likely suffering 
from drug-induced agranulocytosis. Agranulocytosis is the 
most fatal adverse drug reaction, accounting for 26% of all 
drug-related deaths. Clozapine can cause agranulocytosis in 
about 0.8%of patients (a rate lower than the original esti- 
mate of 1 to 2°/Q. The onset of the disorder is variable, as it 
can occur a few days after starting the treatment or even 
several years after a daily chronic treatment. However, the 
first 6 months of clozapine therapy is the period of greatest 
risk. Discontinuation of the drug usually results in correc- 
tion of neutrophil count within 30 days. 

B, D Phenothiazines can cause agranulocytosis, but the 
risk is only 1/10 that of clozapine. 

C, E, F Agranulocytosis due to these drugs can occur, but 
it is exceptionally rare. 
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Answers and Explanations: HI-9 Drugs for Depressive and Anxiety Disorders 


Questions 1-5 

1. A 

2. F 

3. D 

4. A 

5. H 

Learning objective: Describe the leading hypothesis about the 

mechanism of action of antidepressant drugs. 

6. CAleading hypothesis of depression suggests that the disease 
is associated with a loss of neurotrophic support in cortical 
areas, such as the hippocampus. The nerve growth factors, 
such as brain-derived neurotrophic factor (BDNF), are critical 
for this neurotrophic support, that is, for the regulation of 
neural plasticity and neurogenesis. All drugs used to treat de- 
pression share, at some level, primary effects on serotonergic 


and/or noradrenergic neurotransmission, as chronic treatment 
with these drugs increases the availability of central serotonin 
and/or norepinephrine. Compelling evidence suggests that 
sustained signaling via these neurotransmitters increases the 
expression of specific downstream gene products, particu- 
larly BDNF. This appears to be the ultimate mechanism of ac- 
tion of antidepressants. 

AMonoamine oxidase inhibitors, but not other antidepres- 
sants, inhibit monoamine metabolism. 

B Actually, downregulation, not upregulation, of central 
adrenoceptors was an earlier hypothesis of the mechanism of 
action of antidepressants. 

D According to the neurotrophic hypothesis, antidepres- 
sants should increase, not decrease, hippocampal neurogenesis. 

E Actually, some studies suggest that glutamate antago- 
nists, not agonists, could have a role as antidepressants. 




learning objective: Describe poisoning with tricyclic anti- 
depressants. 

7. E The history and signs of the patient suggest that he took a 
toxic dose of a tricyclic antidepressant. These drugs have 
pronounced antimuscarinic activity (mydriasis and tachy- 
cardia) and antiadrenergic activity (low blood pressure) and 
prolong the QT interval on ECG by a quinidine-like action. 

A-D, F Poisoning by these drugs does not cause all the 
signs exhibited by the patient. 

Learning objective: Describe the adverse effect of tricyclic anti- 
depressants. 

8. C Amitriptyline is a tricyclic antidepressant drug. All tricy- 
clic antidepressants block (Xj-adrenoceptors and therefore 
can cause postural hypotension, especially during the first 
week of treatment. Drowsiness is another common adverse 
effect, most likely due to central muscarinic and histaminic 
receptor blockade. At least partial tolerance usually develops 
to autonomic effects, so the symptoms tend to diminish over 
time. 

A, B, D-F These drugs very rarely cause postural hypo- 
tension. 

learning objective: Explain the mechanism of action of serotonin- 
norepinephrine reuptake inhibitors (SNRIs). 

9. CVenlafaxine is currently a first-line agent for anxiety disor- 
ders. The drug blocks both norepinephrine and serotonin 
transporters. The resulting decreased reuptake of these 
neurotransmitters increases their availability in the synaptic 
cleft of central nervous system neurons. The relationship 
between this molecular mechanism of action and the thera- 
peutic efficacy of the drug in anxiety disorders is still uncer- 
tain, but contemporary hypotheses implicate dysregulation of 
adrenergic and/or serotonergic systems in chronic anxiety. 

A Tricyclic antidepressants such as amitriptyline also 
block monoamine transporters, but they are not used as an- 
tianxiety agents. 

B Citalopram blocks the serotonin transporter but not the 
norepinephrine transporter. 

D Benzodiazepines such as lorazepam do not alter mono- 
amine reuptake. 

E, F These drugs block only norepinephrine transporter 
(bupropion) or serotonin transporter (trazodone) and are 
not used as antianxiety agents. 

learning objective: Explain the mechanism of action of selective 
serotonin reuptake inhibitors (SSRIs). 

10. CThe patient’s symptoms indicate that she was most likely 
suffering from an obsessive-compulsive disorder. Drugs that 


inhibit the serotonin transporter have been shown to be 
effective in obsessive-compulsive disorders. Classes of drugs 
able to act with this mechanism are SSRIs, serotonin-norepi- 
nephrine reuptake inhibitors (SNRIs), and tricyclic antide- 
pressants. SSRIs are currently considered first-line treatment 
for obsessive-compulsive disorders. Tricyclic antidepressants 
(mainly clomipramine) are used as second-choice drugs. 

A, B, D, E See correct answer explanation. 

Learning objective: Outline the appropriate therapy for depres- 
sion and insomnia associated with a malignant disease. 

11. CThe patient’s symptoms suggest that she was suffering 
from depression and anxiety, likely because of the tumor 
diagnosis. Pancreatic carcinoma is a type of cancer most fre- 
quently associated with depressive symptoms. Because the 
patient is elderly and had been suffering from an arrhyth- 
mia, tricyclic antidepressants are contraindicated. Selective 
serotonin reuptake inhibitors (SSRIs) such as paroxetine are 
best suited for depressed patients of older age with consid- 
erable attendant anxiety, as in this case. Because the patient 
was suffering from initial insomnia, a short-acting hypnotic 
such as zaleplon taken before bedtime is appropriate, as 
SSRIs may cause insomnia. 

A, B See correct answer explanation. 

D, ENeuroleptics are devoid of antidepressive properties. 

learning objective: Explain the mechanism of tricyclic-induced 
postural hypotension. 

12. D The patient’s symptoms indicate that she was most likely 
suffering from postural hypotension. Tricyclic antidepres- 
sants such as imipramine can cause several adverse effects 
due to blockade of some autonomic receptors. Blockade ofoij 
adrenoceptors can result in substantial postural hypotension. 

A-C, E, F See correct answer explanation. 

learning objective: Describe the use of paroxetine in treating 
social anxiety disorder. 

13. EThe patient was most likely suffering from a social anxiety 
disorder (SAD). Several trials have provided evidence of the 
efficacy of pharmacotherapy with selective serotonin re- 
uptake inhibitors (SSRIs) or serotonin-norepinephrine re- 
uptake inhibitors (SNRIs) in SADs. Approximately one fifth 
of patients with SAD also suffer from an alcohol use disorder, 
as in this case. Paroxetine significantly reduces social anxi- 
ety and decreases the frequency of alcohol use in patients 
with both disorders. 

A Benzodiazepines such as diazepam should be reserved 
as last-line agents in patients with SAD. 

B-D, F These drugs are not effective in SAD. 



learning objective: Describe poisoning with tricyclic anti- 
depressants. 

14. F Tricyclic antidepressant poisoning may produce any of 
three major toxic syndromes: 

• Anticholinergic syndrome: sedation, delirium, tachycardia, 
mydriasis, dry mucous membranes, hyperthermia, con- 
stipation, and urinary retention 

• Cardiovascular syndrome: hypotension, sinus tachycardia 
with prolongation of QT intervals, torsade de pointes 
(rare). Bradyarrhythmias (various degrees of atrioventric- 
ular block) can occur in severe poisoning and carry a poor 
prognosis. They are due to the quinidine-like activity 
common to all tricyclic antidepressants, which can se- 
verely impair cardiac conduction. 

• Convulsing syndrome: seizures may be recurrent or 
persistent. 

Depending on the dose, patients may experience some or all 
of these toxic effects. The patient’s coma indicates that the 
poisoning was severe and most likely included all three toxic 
syndromes. 

A-E Tricyclic antidepressants tend to cause symptoms 
opposite to those listed. 

learning objective: Explain the mechanism of paroxetine-induced 
diarrhea. 

15. B By blocking serotonin reuptake, selective serotonin re- 
uptake inhibitors (SSRIs) such as paroxetine increase sero- 
tonin availability at serotonergic synapses in both the central 
and enteric nervous systems. Serotonin activation of sero- 
tonin receptors (mainly 5-HT 0A ) is known to increase intesti- 
nal peristalsis, thus causing diarrhea, which occurs in up to 
20%of patients taking SSRIs. 

A, C-F Paroxetine does not cause these actions. Moreover, 
all of these actions would lead to constipation, not diarrhea. 

Learning objective: Describe the therapeutic uses of serotonin- 
norepinephrine reuptake inhibitors (SNRIs) in neuropathic pain. 

16. D The patient’s history and symptoms suggest he was suffer- 
ing from chronic phantom limb pain, a pain that is referred 
to a limb that no longer exists. Phantom limb pain is a type 
of neuropathic pain, which is caused by damage to neural 
structures. Unlike nociceptive pain, which is effectively alle- 
viated by nonsteroidal antiinflammatory drugs (NSAIDs) 
and opioids, neuropathic pain often responds poorly to these 
drugs but is relieved by antidepressants, including tricyclic 
antidepressants and SNRIs. Phantom limb pain is sometimes 
very difficult to treat, but venlafaxine and duloxetine are 
often effective and are the drugs most frequently used. They 
are equivalent to tricyclics but have the substantial advan- 
tage of fewer adverse effects. 


A-C, E, F These drugs are all minimally or not effective in 
neuropathic pain. 

Learning objective: Explain the mechanism of action of 
amitriptyline. 

17. A Amitriptyline is a tricyclic antidepressant drug. Drugs 
from this class are the most powerful inhibitors of norepi- 
nephrine and serotonin reuptake into presynaptic terminals. 
The resulting increased availability of those neurotrans- 
mitters in the synaptic cleft most likely mediates their anti- 
depressant properties. Amitriptyline can cause hypersomnia 
in up to 88%of patients taking the drug. 

B Trazodone can exert a weak blockade on serotonin re- 
uptake but has no effect on norepinephrine reuptake. 

C Bupropion can exert a weak blockade on norepineph- 
rine reuptake but has no effect on serotonin reuptake. 

D, E Citalopram and sertraline are selective serotonin re- 
uptake inhibitors. 

Learning objective: Describe the main adverse effects of selective 
serotonin reuptake inhibitors/serotonin-norepinephrine reuptake 
inhibitors (SSRIs/ SNRIs). 

18. CMost antidepressants can cause sexual dysfunction, but 
its incidence seems the highest with SSRIs/SNRIs (mainly 
paroxetine and fluoxetine) and the lowest with bupropion 
and mirtazapine. Sexual dysfunction seems to be primarily 
related to the increased activity of the central serotonergic 
system, as serotonin is mainly an inhibitory neurotransmit- 
ter in the central nervous system. 

A, E, F Lithium, bupropion, and mirtazapine rarely cause 
sexual dysfunction. 

B Tricyclic antidepressants such as amitriptyline frequently 
cause sexual dysfunction but are contraindicated in this pa- 
tient because they can cause cardiac arrhythmias in patients 
at risk (patients with a previous episode of ventricular ar- 
rhythmia have a very high risk of recurrent arrhythmia). 

D Chlorpromazine is not used for depressive disorder and 
may cause arrhythmias in patients at risk. 

Learning objective: Describe the serotonin syndrome due to se- 
lective serotonin reuptake inhibitors/serotonin-norepinephrine 
reuptake inhibitor (SSRIs/SNRIs). 

19. C The history, signs, and symptoms of the patient indicate 
that she was most likely suffering from serotonin syndrome. 
This disorder is a rare but potentially fatal interaction that 
can be caused by several drugs either alone or in combina- 
tion, when given in high doses. These include antidepres- 
sants, opioids, psychostimulants, triptans, psychedelics, and 
herbs (e.g., St. John’s wort, ginseng, and nutmeg). The com- 
bination of two drugs that enhance serotonin transmission 
(i.e., SSRIs/SNRIs with monoamine oxidase inhibitors or with 




tricyclic antidepressants) can be particularly dangerous. The 
syndrome involves mental, autonomic, and neurologic dis- 
orders of sudden onset less than 24 hours after the beginning 
of treatment or of an overdose. For mild cases, discontinua- 
tion of the offending drug is the only needed treatment. For 
more serious cases, therapy includes benzodiazepines for 
agitation and somatic effects, serotonin antagonists (cypro- 
heptadine) or atypical neuroleptics with serotonin-blocking 
activity (e.g., olanzapine), (3-blockers for tachycardia and 
autonomic instability, and dantrolene for hyperthermia. 

A, B, D-F These disorders do not cause the signs and 
symptoms reported by the patient. 

Learning objective: Outline the therapeutic use of selective sero- 
tonin reuptake inhibitors (SSRIs) in major depressive disorder. 

20. B When given in equivalent doses, all antidepressants are 
about equally effective in the general depressed patient pop- 
ulation, so the choice ofthe drug in a specific patient is influ- 
enced mainly by the patient’s medical history, the presenting 
symptoms, and contraindications. Selective serotonin re- 
uptake inhibitors (SSRIs) such as fluoxetine are currently the 
most used drugs for depression and are especially suited for 
this patient because of the presence of concomitant symp- 
toms of anxiety. Moreover, in this patient: 

ATricyclic antidepressants are contraindicated because of 
the exertional angina. 

C, D Trazodone and mirtazapine are not indicated because 
they have pronounced sedative properties, and the patient is 
suffering from hypersomnia. 

E, F Lithium and haloperidol are devoid of antidepressant 
activity. 

learning objective: Describe the molecular mechanism of action 

of mirtazapine. 

21. D Mirtazapine can block presynaptic a 2 receptors, thus in- 
creasing the release of both norepinephrine and serotonin. 
In addition, it can also block serotonin (5-HT 0A and 5-HT 0C ) 
receptors. All of these actions probably contribute to the 
antidepressant effect. The drug is a second-choice agent in 
depressive disorders, but sometimes it is highly effective. 

A-C, E, F See correct answer explanation. 

learning objective: Describe the mechanism of action ofbupropion. 

22. ABecause the patient obtained partial relief from fluoxetine 
therapy, a reasonable next step is to add a second drug to the 
treatment, rather than changing the antidepressant. Bupro- 
pion has been used as augmentation therapy for many years, 
and its use is supported by several trials. Patients taking 
fluoxetine who continue to complain of fatigue and hyper- 
somnia are good candidates for bupropion augmentation, as 


in this case. Bupropion is unique among all currently avail- 
able antidepressants, as it has negligible activity on serotonin 
neurotransmission. It most likely acts by enhancing norepi- 
nephrine and dopamine activity. 

B Methylphenidate blocks the reuptake of catecholamines 
but is not active as an antidepressant. 

C-E These drugs are sometimes used for antidepressant 
augmentation therapy, but they act through different 
mechanisms. 

Learning objective: Describe the main therapeutic uses of mono- 
amine oxidase inhibitors. 

23. APhenelzine is a nonselective monoamine oxidase inhibitor 
(MAOI). These drugs are rarely prescribed today because of 
frequent adverse effects and the risk of serious drug-drug 
and drug-food interactions. However, for the treatment of 
atypical depression, MAOIs are among the most effective 
agents available and are still prescribed for patients with 
this depressive subtype, usually after failure of a selective 
serotonin reuptake inhibitor (SSRI) therapy, as in this case. 

B Entacapone acts by inhibiting an enzyme involved in 
neurotransmitter metabolism but is an antiparkinson, not 
an antidepressant, drug. 

C-F These antidepressant drugs do not act by enzyme 
inhibition. 

Learning objective: Outline the therapeutic uses of selective sero- 
tonin reuptake inhibitors (SSRIs) in obsessive -compulsive disorder. 

24. CThe patient’s symptoms suggest that he is suffering from 
an obsessive-compulsive disorder. SSRIs are currently first- 
line agents for obsessive-compulsive disorders, and their 
effectiveness gives support to the hypothesis that these 
disorders are due to a dysfunction in central serotonergic 
transmission. 

A, B, D-F These drugs have minimal or no efficacy in treat- 
ing obsessive-compulsive disorders. 

Learning objective: Describe the main adverse effects of selective 
serotonin reuptake inhibitors/serotonin-norepinephrine reuptake 
inhibitors (SSRIs/ SNRIs). 

25. B Abrupt discontinuation of SSRIs or SNRIs can cause a vari- 
ety of symptoms that can be distressing. These include dizzi- 
ness, nausea and vomiting, flu like symptoms, irritability, and 
anxiety. Symptoms usually emerge 1 to 3 days after the last 
dose. Paroxetine and sertraline are most likely to cause the 
discontinuation syndrome, and they should be tapered over 
several weeks. 

A, C-F These disorders do not cause the symptoms re- 
ported by the patient. 




learning objective: Describe the main drug interactions with se- 
lective serotonin reuptake inhibitors (SSRIs). 

26. D The patient’s symptoms indicate that he was suffering 
from an extrapyramidal adverse effect. SSRIs are inhibitors 
of the cytochrome P-450 enzymes and can increase the ac- 
tivity of other drugs given concomitantly. Specifically, par- 
oxetine is a potent inhibitor of the CYP2D6 isozyme, which 
is the main isozyme that metabolizes metoclopramide. 
Therefore, the dopamine-blocking actions of metoclopra- 
mide are enhanced, leading to extrapyramidal effects. More- 
over, SSRIs can indirectly affect dopaminergic transmission. 
In fact, serotonin and dopamine appear to have an inverse 
relationship in certain areas of the brain, whereby stimu- 
lation of central serotonin receptors results in inhibition of 
dopaminergic transmission. The SSRI-metoclopramide in- 
teraction is well known and occurs rapidly, within hours of 
metoclopramide administration, as in this case. 

A-C, E, F The interaction of these drugs with metoclopra- 
mide is negligible. 

learning objective: Describe the use of selective serotonin re- 
uptake inhibitors (SSRIs) in treating panic disorders. 

27. E The patient’s symptoms suggest that she was most likely 
suffering from a panic disorder. The disease responds to a 
variety of psychotropic drugs, including SSRIs, benzodiaze- 
pines, and tricyclic antidepressants. SSRIs/SNRIs are the 
current first-line agents for the chronic treatment of these 
disorders. 

A-D, F These drugs are not effective in treating panic 
disorders. 

Learning objective: Outline the therapeutic efficacy of selective 
serotonin reuptake inhibitors (SSRIs) in treating bulimia nervosa. 

28. A The patient’s history and symptoms indicate that she was 
affected by bulimia nervosa, a chronic disorder with mul- 
tiple episodes of relapse and remission that usually occurs 
in late adolescence. If medications are required, antidepres- 
sants are considered drugs of choice for bulimia nervosa. 
Selective serotonin reuptake inhibitors (SSRIs) are the pre- 
ferred agents because of their tolerability and because they 
have been studied in the largest number of patients. 

B-F These drugs are not effective in treating bulimia 
nervosa. 

Learning objective: Describe the main adverse effects of selective 
serotonin reuptake inhibitors (SSRIs )/serotonin-norepinephrine 
reuptake inhibitors (SNRIs). 

29. B Most antidepressants can cause sexual dysfunction, but 
its incidence seems the highest with SSRIs/SNRIs. Symptoms 


of sexual dysfunction in males include erectile dysfunction, 
priapism, delayed ejaculation, decreased libido, and partial 
or complete anorgasmia. 

A, C-F SNRIs do not cause these symptoms. 

Learning objective: Describe the adverse effect of tricyclic anti- 
depressants. 

30. D The symptoms of the patient indicate that he was suffer- 
ing from obstructive uropathy, most likely due to prostatic 
hyperplasia. Drugs with antimuscarinic properties, such as 
amitriptyline, can precipitate complete anuria in patients 
with prostatic hyperplasia, as these patients already have 
a urethral obstruction, and the drug inhibits bladder 
contraction. 

A-C, ENone of these drugs have antimuscarinic properties. 

Learning objective: Describe the latency of effect of antidepres- 
sant medications. 

31. B The patient most likely started a therapy with a selective 
serotonin reuptake inhibitor (SSRI), such as paroxetine, drugs 
that are currently the most commonly used antidepressants. 
All antidepressant medications have a similar delayed pat- 
tern oftherapeutic response. Typically, patients are informed 
that approximately 2 to 6 weeks must elapse before they will 
experience any therapeutic benefit. However, researchers in 
the field consider this a conservative estimate, and more rig- 
orous studies have led to the conclusion that patients can 
exhibit some improvement during the first 2 weeks of treat- 
ment and a maximum improvement during the fourth week. 
Despite a variety of explanations for this delay, there is no 
consensus, and the exact reason remains unknown. 

A Tricyclic antidepressants are absolutely contraindicated 
in patients with atrioventricular block. 

C Bupropion can cause arrhythmias and can increase 
blood pressure. Therefore, it should be avoided in a patient 
with a recent myocardial infarction. 

D Phenelzine is a nonselective and irreversible mono- 
amine oxidase inhibitor. These drugs should be avoided in 
patients with cardiovascular diseases. 

E Benzodiazepines, such as diazepam, are not used as 
antidepressant drugs. 

Learning objective: Describe the increased risk of suicide that can 
occur in a young person taking antidepressant drugs. 

32. E Of these drugs, fluoxetine is thought to be the greatest risk 
for enhancing suicide potential in patients such as the one 
described here. All antidepressants have U.S. Food and Drug 
Administration (FDA) black box warnings, because appar- 
ently they increase the risk of suicide during the first 4 weeks 
of treatment in children and at-risk patients younger than 



age 24, as in this case. However, the risk of suicide seems to 
decrease after 12 weeks of therapy. It is worth noting that, 
despite the FDA’s decision, the issue of antidepressant- 
related risk of suicidality remains controversial, because 
this risk is strongly related to severity of depression in both 
youths and adults, and long-term antidepressant treatment 
can decrease depression severity. 

A Zolpidem is a hypnotic drug, most likely given to the 
patient because insomnia is a frequent adverse effect of 
fluoxetine. 

B-E These drugs are anticancer drugs used to treat Hodg- 
kin lymphoma. 
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Answers and Explanations: HI-10 Drugs for Bipolar Disorders 


Questions 1-4 

1. A 

2. G 

3. G 

4 D 

learning objective: Explain the molecular mechanisms of action 

of lithium. 

5. E Lithium inhibits inositol monophosphatase, an enzyme in- 
volved in the phosphatidylinositol pathway. This leads to de- 
pletion of phosphatidylinositol 4,5-bisphosphate (PIP 2 ), which 
is the precursor of both IP 3 and DAG. Therefore, the synthesis 
of IP 3 and DAG is inhibited, and the activity of many receptors 
that are IP 3 /DAG linked is depressed. This may cause an inhi- 
bition of overactive circuits in mania. 

A-D, F Lithium tends to cause actions opposite to those 
listed. 

Learning objective: Outline the use of quetiapine in bipolar 

disorder. 

6. D The man was most likely affected by a bipolar disorder re- 
sistant to lithium therapy and was suffering from an acute 
depressive episode. Because the patient experienced five mood 
swings over the past year, he meets the criteria for rapid cy- 
cling, defined as occurrence of four or more mood swings or 
episodes of mania or depression in a year. About 70 to 80%of 
rapid cyclers have poor response to lithium. Quetiapine and a 
combination of olanzapine and fluoxetine are the drugs ap- 
proved by the U.S. Food and Drug Administration for the treat- 
ment of acute episodes of depression in bipolar disorder. 

A, C Typical neuroleptics, such as haloperidol and flu- 
phenazine, could be used in the acute manic phase of bipolar 
disorders, but not in the depressive phase. 

B, E These drugs are not effective in bipolar disorders. 


F Tricyclic antidepressants are used only exceptionally in 
bipolar disorders. Moreover, they are contraindicated in el- 
derly persons, as in this case. 

learning objective: Explain the mechanism of action of olanzapine. 

7. D An acute manic attack often requires treatment with a two- 
or three-drug combination, usually lithium plus an anticon- 
vulsant plus an atypical neuroleptic. All neuroleptics most 
likely act by blocking D 0 receptors in mesolimbic and meso- 
cortical pathways. In addition, they block 5-HT 0 receptors, 
and this action may contribute to their clinical effects. Atypi- 
cal neuroleptics such as olanzapine seem to have a higher 
affinity for 5-HT 0 receptors than for D 2 receptors. 

A-C, E, F None of these drugs block both D 0 and 5-HT 0 
receptors. 

Learning objective: Describe the adverse effects of lithium. 

8. A Lithium likely decreases thyroid function in most patients, 
but few of them show symptoms of hypothyroidism. How- 
ever, in this case, the symptoms are most likely due to hypo- 
thyroidism. The effect is due to inhibition of thyroid hormone 
synthesis. The mechanism of this effect is likely related to 
lithium-induced inhibition of adenylyl cyclase, which in turn 
inhibits thyrotropin-induced production of cyclic adenosine 
monophosphate (cAMP) in thyroid cells. 

B Lithium is not metabolized and is excreted as such by the 
kidney. 

C Cimetidine does not cause the pattern of adverse effects 
exhibited by the patient. 

D Central effects of loratadine are negligible, as the drug 
does not cross the blood-brain barrier. 

ESee correct answer explanation. 




Learning objective: Describe the main drug interactions with 

lithium. 

9. B The patient’s symptoms indicate that she was most likely 
suffering from adverse effects due to an excessive plasma 
concentration of lithium. The patient was treated with hy- 
drochlorothiazide, and it is known that the clearance of lith- 
ium is reduced about 25% by thiazides. Lithium is 80% 
reabsorbed in the proximal tubule by the same mechanism 
as Na + and competes with Na + for reabsorption. Therefore, 
lithium retention can be increased by Na + loss related to 
some illnesses or to diuretic use, as in this case. 

A Thiazides tend to induce hyponatremia, not hyper- 
natremia. 

CThe hepatic metabolism of lithium is zero. 

D, E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of lithium. 

10. EThe history and symptoms of the patient indicate that she 
was most likely suffering from the depressive phase of a bi- 
polar disorder. The depression is often difficult to control 
and puts patients at significant risk of suicide. Lithium (alone 
or in combination) remains the first-line agent for mainte- 
nance therapy of bipolar disorder. 

A Antidepressant use in bipolar depression is controver- 
sial, and current guidelines suggest that they can be used 
(together with lithium) in the severe acute phase of bipolar 
depression. However, tricyclics are contraindicated in pa- 
tients with suicidal ideation, as in this case. 

B, CLorazepam and haloperidol are indicated in the acute 
manic phase of bipolar disorder, not in the depressive phase. 

D, F Anxiolytic and hypnotic drugs are not indicated in 
bipolar disorders. 

Learning objective: Describe the adverse effects of lithium. 

11. CThe symptoms of the patient suggest that she was likely 
suffering from adverse effects of lithium. Tremor is an ad- 
verse effect of lithium that is dose-dependent and may occur 
in up to 60%of patients receiving high doses. When tremor 
is not disturbing, treatment is not necessary. Otherwise a 
concomitant treatment with a (3-blocker can help. Polyuria, 
acne, and folliculitis are other adverse effects of lithium that 
usually subside with the discontinuation of the drug. 

A, B, D-F These drugs do not cause all the adverse effects 
reported by the patient. 

learning objective: Describe the duration of lithium therapy in 

recurrent major bipolar disorder. 

12. EThe duration of maintenance therapy with lithium in major 
bipolar disorder is at least 9 months. A period of success- 
ful maintenance therapy means that the individual is con- 
trolled, not cured, as most patients that stop lithium therapy 
eventually relapse. Furthermore, as individuals experience 


successive episodes, they tend to recover less completely. 
Therefore, in a case of serious and repeated episodes of bipo- 
lar disorder, as in this case, the person may require lithium 
for the rest of his or her life. 

A-D See correct answer explanation. 

Learning objective: Describe the use of atypical antipsycho tics for 

the maintenance therapy of bipolar disorder during pregnancy. 

13. C Lithium is classified by the U.S. Food and Drug Adminis- 
tration (FDA) in pregnancy risk category D and therefore 
must be avoided during pregnancy. Some anticonvulsants 
(valproic acid, lamotrigine, and carbamazepine) and some 
atypical antipsychotics (aripiprazole, olanzapine, quetiapine, 
and risperidone) have become good alternative and adjunc- 
tive treatments to lithium for maintenance therapy of bi- 
polar disorder. Among atypical antipsychotics, quetiapine 
has the lowest ratio of umbilical cord to maternal plasma 
concentration and does not seem to cause significant terato- 
genic risk to the fetus. Therefore, it is a rational choice for 
maintenance therapy in a pregnant woman with bipolar 
disorder. 

A, B Carbamazepine and valproic acid are effective in main- 
tenance therapy of bipolar disorder but are contraindicated 
during pregnancy because of a substantial teratogenic risk 
(both are classified by FDAin the pregnancy risk category D). 

D-F These drugs have no proven efficacy for maintenance 
therapy of bipolar disorder. 

Learning objective: Describe the adverse effects of lithium. 

14. B Polyuria and polydipsia are common adverse effects of 
lithium due, at least in part, to inhibition of the vasopres- 
sin-induced increase of cAMP in the kidney (lithium inhibits 
adenylyl cyclase). Circulating levels of vasopressin are nor- 
mal or elevated, but there is a lack of responsiveness of the 
collecting tubule (i.e., nephrogenic diabetes insipidus). 

A Lithium has no effect on renal reabsorption of sodium 
in this part of the nephron. 

C Lithium has no effect on plasma glucose levels. 

D Stimulation of the thirst center in the hypothalamus is 
the consequence, not the cause, of polyuria. 

E In nephrogenic diabetes insipidus, vasopressin secretion 
is normal or stimulated, not blocked. 

foaming objective: Explain the molecular mechanisms of action 

of lithium. 

15. F The two main proposed mechanisms of action of lithium 
are related to inhibition of two signal transduction path- 
ways, that is, inositol and glycogen synthase kinase 3 signal- 
ing. The inhibition of this enzyme causes suppression of the 
expression of proapoptotic genes and increased expression 
of antiapoptotic genes. The ultimate effect is neuroprotec- 
tion, which may underlie the long-term mood stabilization. 




A-E All of these drugs have been used in augmentation 
therapy, but they do not have the above-mentioned mecha- 
nism of action. 

Learning objective: Describe the adverse effects of lithium. 

16. E Edema is a frequent adverse effect of lithium, especially 
during the first 5 to 7 days of therapy. Edema is likely due 
to increased Na + in the extracellular fluid, as lithium is not 
pumped out by Na + /K + -ATPase and therefore tends to accu- 
mulate inside the cells, displacing Na + . 

A-D Lithium tends to cause adverse effects opposite to 
those listed. 

Learning objective: Outline the therapeutic uses of lithium. 

17. E The signs and symptoms of the patient suggest that he 
is suffering from an acute manic disorder. General guidelines 
for acute mania suggest a two- or three-drug combination 
that includes lithium, as it reduces both the frequency and 
the magnitude of mood swings. However, it has a slow onset 
of action, taking as long as 1 to 2 weeks to fully exert its 
therapeutic effects. Therefore, an adjunctive medication is 
used during the first days of therapy. Benzodiazepines are 
often given for agitation and insomnia, but second-genera- 
tion neuroleptics with substantial sedative properties, such 
as risperidone, are preferred when there are delusions or 
hallucinations, as in this case. 

A-D All of these combinations have at least one drug that 
is not effective in treating manic disorders. 

learning objective: Describe the use of lithium in augmentation 

therapy for major depressive disorder. 

18. D More than 40%of patients with major depressive disorder 
do not achieve remission even after two antidepressant tri- 
als. An accepted strategy used when dealing with negligible 
or poor antidepressant response is to add another agent to 
the therapy (augmentation therapy). Drugs used effectively 
for augmentation therapy include lithium, bupropion, bus- 
pirone, lamotrigine, and triiodothyronine. 

A, B Currently, antidepressants are not used in augmenta- 
tion therapy. Moreover, amitriptyline and mirtazapine have 
sedating activity that could worsen the patient’s sleepiness. 

C, E, F These drugs are not effective for antidepressant 
augmentation therapy. 

Learning objective: Calculate the time to withhold lithium therapy 

in case of lithium overdose toxicity. 

19. D By definition, the plasma concentration of a drug halves 
every half-life. Therefore, the plasma level will be 1 .5 mEq/L 


after one half-life and 0.75 mEq/L after two half-lives (i.e., 
after 40 hours). 

A-C, E, F See correct answer explanation. 

learning objective: Explain the molecular mechanisms of action 
of lithium. 

20. D Maintenance therapy with lithium reduces the frequency 
and severity of episodes of both mania and depression in pa- 
tients with bipolar disorder. The drug appears to act mainly 
by inhibiting the inositol second messenger system, as it in- 
hibits inositol monophosphatase, the rate-limiting enzyme 
in inositol recycling. 

A-C, E, F All of these drugs are effectively used in mainte- 
nance therapy of mania, but they do not have the above- 
mentioned mechanism of action. 

learning objective: Describe the treatment of lithium -induced 
diabetes insipidus. 

21. CThe patient’s history and symptoms indicate that he was 
most likely suffering from lithium-induced nephrogenic dia- 
betes insipidus, the most common complication of chronic 
lithium therapy. In the collecting tubule, lithium (Li + ) is 
reabsorbed through the Na + channels and is therefore con- 
centrated inside the principal cells. This high concentration 
blocks the action of vasopressin, likely by inhibiting adenylyl 
cyclase, and causes nephrogenic diabetes insipidus. Ami- 
loride is a K + -sparing diuretic that blocks Na + channels in 
the late distal tubule and collecting duct, inhibiting the re- 
absorption ofLi + through those channels. It is therefore the 
first-line agent for the therapy of lithium-induced diabetes 
insipidus. 

A, B These diuretics are dangerous in patients taking lith- 
ium because they tend to cause Na + depletion. Because Na + 
and Li + go through the same channels, Na + depletion pro- 
motes a clinically important degree of lithium retention 

D Spironolactone cannot affect Li + reabsorption because 
it does not block Na + channels in the late distal tubule and 
collecting duct. 

E Conivaptan is a vasopressin antagonist and therefore 
would increase, not decrease, the patient’s polyuria. 
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Answers and Explanations: HI-1 1 Drugs for Childhood Behavioral Disorders 


Questions 1-3 

1. D 

2. A 

3. I 

Learning objective: Identify the neural pathway underlying the 

therapeutic action of methylphenidate in attention deficit hyper- 
activity disorder. 

4. C Attention deficit hyperactivity disorder (ADHD) is associ- 
ated with alterations in regulation of motor behavior and at- 
tention. The prefrontal cortex (PFC) is important for sustaining 
attention over a delay, inhibiting distractions, and dividing 
attention. The PFC in the right hemisphere is especially im- 
portant for behavioral inhibition. Lesions to the PFCproduce a 
profile of distractibility, forgetfulness, impulsivity, poor plan- 
ning, and locomotor hyperactivity. The PFC is very sensitive to 
its neurochemical environment, and optimal levels of norepi- 
nephrine and dopamine are needed for proper PFC control of 
behavior and attention. Recent electrophysiological studies 
in animals suggest that norepinephrine enhances “signals” 
through postsynaptic a 0A adrenoceptors in the PFC, whereas 
dopamine decreases “noise” through modest levels ofDj re- 
ceptor stimulation. Stimulant medications such as methyl- 
phenidate and amphetamines most likely cause some of their 
therapeutic effects by increasing endogenous activation of 
a 2A adrenoceptors and dopamine receptors in the PFC, op- 
timizing PFC regulation of behavior and attention. 

A, B, D, E See correct answer explanation. 

Learning objective: Describe the adverse effects of methyl- 
phenidate. 

5. B The mother’s report indicated that the child was most likely 
affected by a tic disorder, which is fairly common in child- 
hood. In some cases the disorder appears to be caused or 
worsened by prescription medications. The drugs most com- 
monly involved are psychomotor stimulants, such as methyl- 
phenidate and amphetamines. Because the child was most likely 
under methylphenidate therapy, the drug probably caused his 
tic disorder. 

AFluphenazine can cause tics and dystonias, but the drug 
is not used for attention deficit hyperactivity disorder (ADHD). 

C Atomoxetine is approved for ADHD, but the appearance of 
tics with this drug is exceedingly rare. 

D, E These drugs are not used in ADHD. 


Learning objective: Describe the adverse effects of atomoxetine. 

6. A Atomoxetine is an antidepressant drug approved for the 
treatment of attention deficit hyperactivity disorder (ADHD). 
The drug selectively inhibits norepinephrine reuptake in nor- 
adrenergic terminals; this mechanism most likely underlies 
the increase in blood pressure, which occurs in about 10%of 
patients treated with the drug, especially during the first days 
of therapy. 

B, C Norepinephrine phenylephrine can increase blood 
pressure but they are not used to treat ADHD. 

D, E Guanfacine and clonidine are used to treat ADHD but 
are also used as antihypertensive agents. 

Learning objective: Outline the therapy of attention deficit hy- 
peractivity disorder (ADHD) in a patient with a concomitant de- 
pressive disorder. 

7. B ADHD and depression frequently occur together. When this 
is the case, a combined therapy with two drugs can be appro- 
priate. Methylphenidate is a commonly used drug for ADHD, 
and sertraline is a selective serotonin reuptake inhibitor anti- 
depressant drug. 

A, C-ENone of these options have a drug that is appropriate 
for use as an antidepressant. 

foaming objective: Explain the molecular mechanism of act ion of 
atomoxetine in attention deficit hyperactivity disorder (ADHD). 

8. B Although the precise mechanism by which atomoxetine 
produces beneficial effects in ADHD is still uncertain, it is 
thought that the drug exerts its effects through selective inhi- 
bition of norepinephrine reuptake in noradrenergic termi- 
nals. The drug-binding sites in the brain are consistent with 
the known distribution ofnorepinephrine-containing neurons. 
It is hypothesized that the atomoxetine-induced increase in 
norepinephrine in the prefrontal cortex, a region involved 
in attention and memory, mediates the therapeutic effect of 
atomoxetine in ADHD. 

A, C, E Cocaine, atomoxetine, and bupropion are nonselec- 
tive inhibitors of catecholamine transporters. 

D Dextroamphetamine acts by increasing catecholamine 
release from adrenergic terminals. 

Learning objective: Outline the use of aripiprazole in Tourette 
syndrome. 

9. B The patient’s symptoms suggest that the boy is affected by 
Tourette syndrome, a chronic familial disorder characterized 
by motor and phonic tics. The syndrome usually appears at 
about the age of 5 and occurs in 1 out of 1000 males and 1 out 
of 10,000 females. Tics are sudden, involuntary movements or 



sounds that can be suppressed voluntarily with difficulty 
and are often accompanied with coprolalia (foul language). 
Prognosis is generally good, as the syndrome usually disap- 
pears in adulthood, but some cases can persist later in life. 
Expert consensus recommends a trial with atypical neuro- 
leptics before considering haloperidol, which is approved by 
the U.S. Food and Drug Administration, because of estab- 
lished efficacy and lower risk of extrapyramidal side effects. 
Unlike other atypical neuroleptics, aripiprazole does not 
cause weight gain. Because potential obesity is a problem 
in children, the drug can be a good choice for this age group. 
Other drugs approved for Tourette syndrome are clonidine 
and guanfacine. 

A, C-F These drugs are ineffective in treating Tourette 
syndrome. 

Learning objective: Identify the site of the central anorectic action 

of amphetamines. 

10. D Amphetamines are thought to suppress appetite by in- 
creasing norepinephrine and serotonin release in the lateral 
hypothalamus. This increase can interfere with several pep- 
tides that increase food intake by activating the feeding cen- 
ter (neuropeptide Y, orexins A and B, etc.). 

A-C, E, F See correct answer explanation. 

Learning objective: Outline the therapeutic effects of bupropion. 

11. C Bupropion is an antidepressant that was also found to be 
effective in treating attention deficit hyperactivity disorder 
(ADHD) and is approved as an adjunct in the management 
of smoking cessation. Because the patient has symptoms of 
both depression and ADHD and wants to quit smoking, bu- 
propion can be an appropriate drug. 

A, D Methylphenidate and guanfacine are effective in 
ADHD but are not antidepressants. 

B, EThe antidepressants paroxetine and amitriptyline are 
not effective in ADHD. 

Learning objective: Outline the use of desmopressin in the treat- 
ment of nocturnal enuresis. 

12. ADesmopressin acetate, a synthetic analogue of the natural 
human antidiuretic hormone arginine vasopressin, is ap- 
proved as nasal spray and oral tablet for the treatment of 
nocturnal enuresis. Some studies have shown that some pa- 
tients with enuresis do not have a normal circadian rhythm 
of vasopressin secretion and as a result produce a large 
amount of urine during the night. Desmopressin increases 
renal water reabsorption, thus reducing the volume of urine 
entering the bladder. It is effective in reducing the number of 
wet nights in 70%of children. 


B Imipramine was used in the past with some success in 
nocturnal enuresis, even though its mechanism of action in 
this disorder remains unknown. However, the drug has sev- 
eral disadvantages (relapse is high, overdose toxicity can be 
lethal, etc.) and is therefore rarely prescribed today. More- 
over, it is not available by nasal spray. 

C Some anticholinergics were used in the past for noctur- 
nal enuresis, but they have a vast array of adverse effects, 
and their efficacy is minimal. 

D-F These drugs are not effective in nocturnal enuresis. 

learning objective: Explain the molecular mechanism of act ion of 
dextroamphetamine. 

13. BThe symptoms and signs ofthe patient suggest that he was 
affected by attention deficit hyperactivity disorder (ADHD). 
Dysregulation of central noradrenergic and dopaminergic 
networks has long been hypothesized as underlying the 
pathophysiology of ADHD. This hypothesis derives largely 
from pharmacological data documenting that drugs that 
modulate noradrenergic and dopaminergic function are ef- 
fective in treating ADHD. Amphetamines increase the avail- 
ability of catecholamines in the synaptic cleft mainly because 
they stimulate the release of catecholamines from adrener- 
gic terminals. 

A, C, E These drugs act by blocking the reuptake of cate- 
cholamines into adrenergic terminals. 

D Guanfacine activates centrally acting a 0 -adrenoceptors. 

Learning objective: Describe the adverse efFects of methyl- 
phenidate. 

14. D Nervousness and insomnia are the most common adverse 
reactions to methylphenidate and may occur with all formu- 
lations. Insomnia occurs in up to 16%of adult patients but 
typically resolves within a few days of use, provided the dos- 
age is appropriate and doses are not administered within 
6 hours of bedtime. Insomnia is most likely related to the 
drug-induced increase in norepinephrine and dopamine 
availability, which causes a stimulation of the brainstem 
arousal system. 

A Adrenergic drugs actually cause decreased, not in- 
creased, appetite. 

B Methylphenidate-induced growth suppression has been 
reported in children (even if the issue is controversial) but 
cannot occur in an adult patient. 

C Methylphenidate has the potential to lower the seizure 
threshold mainly in patients with a prior history of seizures. 
However, seizures are exceptionally rare in nonepileptic 
patients. 

E Hallucinations and delusions can occur with methyl- 
phenidate, but their frequency is low (less than 0.1%). 




learning objective: Describe the use of atypical neuroleptics in 
autistic disorder. 

15. B There is no specific treatment or cure for autism, but 
pharmacological treatment, behavioral therapy, and special 
education can improve some symptoms. Antipsychotic med- 
ications have been used widely and appear to be effective in 
reducing stereotypies, irritability, and self-injurious behav- 
ior. Atypical neuroleptics seem to offer some advantage over 
classical ones, and aripiprazole and risperidone are approved 
by the U.S. Food and Drug Administration for treating irrita- 
bility in autistic children. 

A, C-F All of these drugs are useless or even contraindi- 
cated in autistic disorder. 

learning objective: Describe the molecular mechanism of action 
of methylphenidate. 

16. A Methylphenidate exerts many ofits effects through block- 
ade of dopamine uptake by central adrenergic neurons. As a 
result, sympathomimetic activity in the central nervous sys- 
tem (CNS) is increased. The main sites of CNS activity appear 
to be the brainstem arousal system and the cerebral cortex. 

B-E Methylphenidate does not elicit these effects. 

Learning objective: Outline the therapy of attention deficit hyper- 
activity disorder (ADHD) in a patient at risk of drug abuse. 

17. E Atomoxetine is a drug approved for the treatment of ADHD. 
The drug is not a psychostimulant and lacks abuse potential. 
It is therefore suitable for patients at risk of drug abuse. 

A, C These drugs are psychostimulants with a high abuse 
potential. 

B, D, F These drugs are not used for treating ADHD. 

learning objective: Explain the molecular mechanism of action of 
guanfacine. 

18. C Guanfacine is an oral, centrally acting a 0 -adrenoceptor 
agonist approved for the treatment of hypertension and 
attention deficit hyperactivity disorder (ADHD). It has been 
theorized that ADHD is the result of dysfunction in fronto- 
striatal pathways, possibly related to dysregulation of neu- 
rotransmitters such as catecholamines. Frontal networks 
control attention and motor intentional behavior. Animal 
studies have demonstrated that guanfacine improves pre- 
frontal cortical function through postsynaptic a 0 -receptor 
agonist effects in the prefrontal cortex. 

A, B, D These drugs are not a 0 -adrenoceptor agonists. 


E Epinephrine is an a 2 -receptor agonist but does not cross 
the blood-brain barrier and is not used to treat ADHD. 

Learning objective: Describe the adverse effects of guanfacine. 

19. A Guanfacine is an a 0 selective agonist. It is approved for the 
therapy of attention deficit hyperactivity disorder (ADHD) 
and hypertension. Its mechanism of antihypertensive action 
is close to that of clonidine. Hypotension and palpitations 
are the most frequently reported cardiovascular adverse ef- 
fects of the drug. These tend to diminish or subside with 
continued therapy or with reduced dosage. 

B Guanfacine tends to cause anorexia. 

CDry mouth, not salivation, is a frequent adverse effect of 
the drug. 

D Aggressive behavior can occur very rarely in some chil- 
dren with risk factor for bipolar disease. 

E Sweating, not anhidrosis, is a reported adverse effect of 
the drug. 

Learning objective: Outline the use of clonidine in both attention 

deficit hyperactivity disorder (ADHD) and Tourette syndrome. 

20. B Over 90%of children with Tourette syndrome have coex- 
isting conditions, such as ADHD (75%), mood disorders (60%), 
obsessive-compulsive disorder (40%), other anxiety disorders, 
or a combination of comorbidities. 

Clonidine is extensively used and approved by the U.S. 
Food and Drug Administration for the treatment of Tourette 
syndrome; it has been recently approved for the treatment 
of ADHD. The drug is an a 0 -receptor agonist, and this mech- 
anism of action likely mediates its therapeutic efficacy in 
both disorders. 

A, C The psychostimulants methylphenidate and dextro- 
amphetamine are currently used in ADHD, but their use in 
Tourette syndrome is controversial, as they can exacerbate 
tics. 

D, EHaloperidol and risperidone have been used in To- 
urette syndrome with various success, but they are ineffec- 
tive in ADHD. 
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Answers and Explanations: HI-12 Opioid Analgesics and Antagonists 


Questions 1-5 

1. A 

2. F 

3. E 

4. I 

5. H 

learning objective: Identify the anatomical sites of the analgesic 

action of opioids. 

6. D The analgesic effect of opioids is mediated by both spinal 
and supraspinal actions. At the spinal level, activation of 
opioid receptors on posterior horn interneurons and output 
neurons of the substantia gelatinosa inhibits nociceptive 
transmission in the lateral spinothalamic tract. At the supra- 
spinal level, activation of opioid receptors occurs in several 
brain areas, but the best characterized of these areas is the 
mesencephalic periaqueductal gray matter. Microinjections 
of morphine in this region block nociceptive responses in 
every species examined, from rodents to primates. Naloxone 
reverses these effects. 

A-C, ENone of these brain areas are involved in the analge- 
sic effect of opioids, but they may be the sites for other effects 
of opioids. 

Learning objective: Identify the main site of the spinal analgesic 

action of morphine. 

7. BWh en an opioid is given by the epidural route, it provides 
an exceptionally long analgesic action with limited systemic 
effects. In this situation, the analgesia is mainly spinal and 
mainly due to activation of receptors in the substantia gelati- 
nosa, with consequent inhibition of nociceptive transmission 
in the lateral spinothalamic tract. 

A, C, F Activation of opioid receptors in these areas can con- 
tribute to the analgesic effect of morphine by enhancing the 
descending inhibitory pain pathways, but they are minimally 
involved when morphine is given locally by the epidural route. 

D This area is involved in the gratifying effects of opioids. 

E This area is not involved in the analgesic action of 
morphine. 

Learning objective: Identify the main brain site of the emetic 

action of morphine. 

8. B Opioids can cause nausea and vomiting mainly through 
stimulation of the chemoreceptor trigger zone, a group of 
neurons located in the area postrema on the floor of the 
fourth ventricle. 

A, C-F See correct answer explanation. 


Learning objective: Describe the neurophysiological actions that 
mediate the analgesic effects of opioids. 

9. A Opioids can affect nociceptive information in two ways: 

• Directly through inhibition of ascending transmission of 
information by impairment of ascending nociceptive 
pathways at various levels in the central nervous system 

• Indirectly through activation (likely via p [mu] receptor- 
mediated inhibition of GABAergic neurons) of descending 
aminergic bulbospinal pathways (from the rostral ventral 
medulla, locus ceruleus, periaqueductal gray area, nu- 
cleus raphe magnus, etc.) that control the processing of 
pain transmission in the spinal cord. 

B Opioids inhibit the release of substance P, an excitatory 
neurotransmitter present in afferent sensory fibers. 

C Opioids can induce dissociative feelings and dysphoria, 
but this has nothing to do with the analgesic action. 

D, E Opioids indirectly activate these pathways (see cor- 
rect answer explanation). 

Learning objective: Identify the opioid that is a partial p (mu) opi- 
oid agonist. 

10. D Buprenorphine is a partial p agonist and a k (kappa) antag- 
onist. It is much more potent than morphine (0.3 mg bu- 
prenorphine is considered equianalgesicto 1 0 mgmorphine), 
and its effects are not readily antagonized by naloxone, likely 
because buprenorphine dissociates very slowly from opioid 
receptors. 

A-C, E, F These drugs are not partial opioid agonists. 

Learning objective: Describe the main opioid postreceptor 
mechanisms. 

11. D Opioid receptors are mainly inhibitory receptors coupled 
to Gproteins. The primary transduction mechanisms ofthese 
receptors are activation of phospholipase Cor inhibition of 
adenylyl cyclase. Two well-established consequences of this 
transduction are 

• At the presynaptic level, blockade of voltage-gated Ca 2+ 
channels, which in turn reduces the release of a large 
number of neurotransmitters (most often glutamate but 
also acetylcholine, norepinephrine, serotonin, and sub- 
stance P) 

• At the postsynaptic level, opening of ligand-gated K + 
channels, which in turn evokes an inhibitory postsynaptic 
potential 

A See correct answer explanation. 

B, E Opioids do not act on chloride or Na + channels. 

C, F Opioids have actions opposite to those listed. 




learning objective: Explain the molecular mechanisms of action 
of opioids. 

12. B The analgesic action of morphine (as well as that of most 
opioids) is mainly due to direct activation of p (mu) recep- 
tors in various areas of the central nervous system. 

A By activating p receptors, opioids can cause the release 
of endogenous opioid peptides. This can contribute to the 
final analgesic effect but is not the main cause of this effect. 

C Activation, not blockade, of k (kappa) receptors can con- 
tribute to the analgesic effect of opioids. 

D, E Opioids decrease the release of many neurotrans- 
mitters, including substance P and glutamate, so these listed 
effects are unlikely. 

F Opioids can decrease the release of norepinephrine, 
causing decreased activity of (3 adrenoceptors, but this ac- 
tion is not related to the analgesic action of opioids. 

Learning objective: Describe the mechanism of opioid-induced 
miosis. 

13. COpioids can stimulate the Edinger-Westphal nucleus (also 
known as the accessory oculomotor nucleus), which is the 
accessory parasympathetic cranial nerve nucleus of the ocu- 
lomotor nerve supplying the sphincter muscle of the iris and 
the ciliary muscle. Therefore, miosis is seen with virtually all 
opioid agonists. Tolerance to this opioid effect is negligible. 

A, B, D-F See correct answer explanation. 

Learning objective: Describe the effects of an activation of p (mu) 
opioid receptors on the cell membrane of a nociceptive neuron. 

14. E Activation of postsynaptic p opioid receptors on the cell 
membrane of pain transmission neurons in the spinal cord 
causes opening of K + channels, hyperpolarizing the mem- 
brane. An inhibitory postsynaptic potential ensues; there- 
fore, the transmission of nociceptive stimuli is impaired. 

A-D See correct answer explanation. 

Learning objective: Describe the mechanism of action of 
pentazocine. 

15. A Pentazocine is a partial agonist at p (mu) receptors and 
a full agonist at k (kappa) receptors. Because of this mecha- 
nism of action, it is generally less effective as an analgesic 
than other full opioid agonists. However, there is a large in- 
dividual variability in opioid sensitivity that has been as- 
cribed to genetic diversity of receptors. For example, some 
red-headed, pale skin phenotypes have a more active k opi- 
oid system and are therefore more sensitive to the analgesic 
action of pentazocine. This can explain the choice in this 
case. 

B-E See correct answer explanation. 


learning objective: Describe the main features of the analgesic 
effect of opioids. 

16. F The use of opioids to treat chronic noncancer pain is still 
controversial because some clinicians believe that these sit- 
uations should never be treated with opioids. However, cur- 
rent guidelines recommend opioid therapy as a second-line 
option for patients who have inadequate response to other 
therapies, as in this case. Opioids are the only analgesic that 
can reduce both the sensory and the affective components of 
the pain experience. The affective component (i.e., suffering) 
is the one most effectively targeted. Methadone is often the 
preferred opioid for two reasons: it has excellent oral bio- 
availability (about 90%), and it has a long half-life (about 25 
hours) that allows for a single daily dose. 

A, B Nonsteroidal antiinflammatory drugs such as indo- 
methacin and ketorolac have no significant effect on the 
emotional aspect ofpain. 

C-E Drugs with anxiolytic properties such as sertraline, 
diazepam, and venlafaxine can reduce the emotional aspect 
ofpain, but they have negligible analgesic properties. 

Learning objective: Describe the actions that mediate the thera- 
peutic effect of morphine in pulmonary edema. 

17. D The therapeutic effect of morphine in pulmonary edema 
likely involves 

• Reduced perception of shortness of breath 

• Reduced fear and apprehension (pain anticipatory anxi- 
ety is reduced). 

• Reduced preload due to peripheral venous dilation and 
afterload due to arteriolar vasodilation, likely due both to 
histamine release and decreased sympathomimetic activ- 
ity secondary to decreased anxiety 

However, good evidence supporting a beneficial hemody- 
namic effect is lacking, and some physicians believe that the 
risks of morphine may outweigh the benefits. 

A-C, E Morphine causes actions opposite to those listed. 

Learning objective: Describe the mechanism of the constipating 
action of opioids. 

18. B Opioids increase the tone of nonvascular smooth muscle 
(both sphincteral and nonsphincteral) that in turn causes a 
contraction of the colon and a decrease of its peristaltic ac- 
tivity. Opioids also increase the internal anal sphincter tone 
and reduce the reflex relaxation response to rectal disten- 
tion. All of these actions, combined with decreased normal 
sensory stimuli for defecation because of the central ner- 
vous system depressant action, contribute to the final con- 
stipating effect. 



A, C, D Opioids cause actions opposite to those listed. 

EThe morphine-induced decrease of intestinal peristalsis 
delays passage ofthe fecal mass and allows increased absorp- 
tion of water. Therefore, the feces become harder, not softer. 

learning objective: Describe the action of opioids on the respira- 
tory system. 

19. D Morphine depresses all phases of respiratory activity (re- 
spiratory rate, minute volume, and tidal exchanges) mainly 
because the drug reduces the responsiveness of the brain- 
stem respiratory centers to partial pressure of arterial carbon 
dioxide (P a C0 2 ). 

A The cough reflex is depressed, not stimulated, by mor- 
phine, due, at least in part, to depression of the cough 
center. 

B Morphine causes bronchoconstriction, not bronchodila- 
tion, which is due, at least in part, to histamine release. 

C, E See correct answer explanation. 

Learning objective: list the morphine effects that undergo negli- 
gible tolerance. 

20. B Tolerance develops to most effects of morphine, including 
the lethal effect. Notable exceptions are the effects on the 
eye (which lead to miosis) and the effects on the enteric 
smooth muscle (which lead to constipation) for which toler- 
ance is negligible. 

A, C-F See correct answer explanation. 

Learning objective: Describe the adverse effects of opioids. 

21. D Codeine is commonly used as an antitussive when a dry, 
nonproductive cough is disturbing the patient. Most opioids 
can cause constipation when used repeatedly, as in this case. 

A, B, F Most opioids can depress the cough reflex, but opi- 
oids such as buprenorphine, fentanyl, and morphine are not 
commonly used as antitussives. 

C, E Albuterol and theophylline can be used in cases of 
acute bronchitis because of their bronchodilating properties, 
but they usually do not cause constipation. 

Learning objective: Describe the adverse effects of opioids. 

22. F An intramuscular injection of morphine can release hista- 
mine, which can cause a local reaction (weal at the injection 
site and pruritus). 

A Most opioids can release histamine, but fentanyl and 
congeners (alfentanil, remifentanil, and sulfentanil) do not. 

B-E These drugs do not cause histamine release. 


Learning objective: Describe the adverse effects of opioids. 

23. D Opioids can have additive central nervous system depres- 
sant actions when given to a patient treated with a sedative 
hypnotic drug, such as diazepam. In the most serious in- 
stances, these actions can lead to stupor, as in this case. 

A-C, E, F These analgesic drugs do not have central ner- 
vous system depressant properties. 

Learning objective: Describe the adverse effects of opioids. 

24. C Pentazocine is an opioid that can cause dose-dependent 
dysphoria and psychotomimetic symptoms. It is sometimes 
sold illegally when heroin is not available. The drug is a par- 
tial agonist at p (mu) receptors and a full agonist at k (kappa) 
receptors. Dysphoria and psychotomimetic symptoms have 
been ascribed to activation of brain k receptors. Chronic users 
of cannabis and hallucinogens are more sensitive to halluci- 
nogenic effects of drugs, as in this case. 

A, B, D, E With these drugs, the risk of hallucinogenic ef- 
fects is negligible. 

Learning objective: Describe the adverse effects of opioids. 

25. B Opioid analgesics have stimulant effects on the nucleus 
of Edinger-Westphal, the parasympathetic portion of cranial 
nerve III. The increase in parasympathetic firing causes con- 
striction ofthe sphincter muscle ofthe iris (miosis) and the 
ciliary muscle (cyclospasm). This impairs the accommoda- 
tion ofthe eye for far vision. 

A Opioids tend to cause euphoria in patients with pain, 
whereas dysphoria is more likely to occur in normally pain- 
free people. 

C, D Opioids tend to cause constipation, not diarrhea, and 
hypotension, not hypertension. 

E Opioids are given to treat dry cough because they de- 
press the cough center. 

Learning objective: Describe the adverse effects of opioids. 

26. CFentanyl is a p (mu) receptor agonist that can be adminis- 
tered by transdermal patch. Because the drug is very lipid 
soluble, it can be absorbed slowly over about 3 days, provid- 
ing a long-lasting analgesic effect. However, fever can in- 
crease the drug absorption, leading to an overdose effect, as 
in this case. Occasional fatalities due to this action of fen- 
tanyl are reported in the literature. 

A, B Pentazocine and codeine are less likely to cause respi- 
ratory depression and are not administered by transdermal 
patch. 

D-F Ibuprofen, ketorolac, and indomethacin are not ad- 
ministered by transdermal patch and have negligible risk of 
respiratory depression. 




learning objective: Describe the use of laxatives to manage opi- 
oid-induced constipation. 

27. C Constipation is one of the most common side effects of 
opioids, affecting up to 40%of patients under chronic treat- 
ment. Therefore, all patients on chronic opioids should re- 
ceive concomitant prophylaxis for constipation with laxatives 
(bulking laxatives, e.g., lactulose and agar; stimulant laxa- 
tives, e.g., senna and bisacodyl; or softening laxatives, e.g., 
docusate). It should be noted that, because the constipating 
effect does not undergo tolerance, concomitant therapy with 
laxatives should be continued indefinitely. 

A Diazepam would increase, not counteract, the sedative 
effect of morphine. 

B Selective serotonin reuptake inhibitors are contraindi- 
cated, or should be used with great caution, in patients tak- 
ing opioids because of the risk of serotonin syndrome. 

D Opioids tend to cause bradycardia, which would be en- 
hanced, not prevented, by (3-blockers. 

E Opioids tend to cause hypotension, which would be en- 
hanced, not prevented, by calcium channel blockers. 

F Opioids tend to decrease gastric secretion, which would 
be enhanced, not prevented, by omeprazole. 

learning objective: Describe the opioid postreceptor mechanisms. 

28. B Opioid receptors are mainly inhibitory receptors coupled 
to G/G 0 proteins. The transduction mechanisms triggered by 
activation of these receptors include 

• Inhibition of N- and P-type Ca 2+ channels in nerve termi- 
nals, which in turn reduces the release of a large number 
of neurotransmitters (mainly glutamate, but also acetyl- 
choline, norepinephrine, serotonin, and substance P) 

• Activation of K + channels, which in turn leads to hyper- 
polarization 

• Activation ofphospholipase C, which in turn increases the 
synthesis of IP 3 /DAG 

• Activation or inhibition of adenylyl cyclase, leading to ei- 
ther stimulation or inhibition 

A By increasing the activity of phospholipase C, opioids 
increase the synthesis of IP 3 /DAG. 

C Opioids have negligible effect on Na + channels. 

D, E Opioids have actions opposite to these. 

learning objective: Explain the rationale of the acetaminophen/ 
codeine combination to treat pain. 

29. E Acetaminophen and opioid analgesics provide pain relief 
by different mechanisms of action; thus, they have additive 
or synergistic effects when given concomitantly. 

A, B The two drugs do not antagonize each other’s adverse 
effects. 

CTolerance to the codeine analgesic effect does occur with 
chronic use of the combination. 

D Acetaminophen does not affect codeine biotransformation. 


Learning objective: Explain the main contraindications of opioids. 

30. AOpioids can induce smooth muscle spasm in the sphincter 
of Oddi, thereby increasing intrabiliary pressure. The result- 
ing intraductal back pressure can aggravate pain symptoms. 
Because the duration of biliary hypertension can outlast the 
analgesic effect, it is better to avoid opioid analgesics in 
treating biliary colic. 

B Patients with hypothyroidism may have prolonged and 
exaggerated responses to opioids. 

C, D Opioids do not have these effects. 

E Opioids can cause nausea and vomiting, but they de- 
crease the risk of nausea and vomiting when these symp- 
toms are due to visceral pain. 

learning objective: Describe the main contraindications of opioids. 

31. D Pentazocine is an opioid drug that can cause a dose- 
dependent increase in arterial pressure, pulmonary pres- 
sure, and heart rate. For this reason, the drug is generally 
contraindicated in myocardial infarction. 

A-C These opioids are indicated, not contraindicated, in 
myocardial infarction. 

E Methadone is not contraindicated in myocardial infarc- 
tion, but it is less suitable than morphine or meperidine 
because of its slow onset of action. 

learning objective: Explain the main contraindications of opioids. 

32. B Morphine and other p (mu) opioid receptor agonists are 
universally used for the treatment of acute postsurgical pain. 
However, they have an inhibitory effect on gastrointestinal 
tract motility and are therefore absolutely contraindicated 
in treating ileus that can occur mainly after abdominal sur- 
gery, as in this case. 

A, C-E These are analgesic-antipyretic drugs that are not 
contraindicated for this patient. 

Learning objective: Explain the main contraindications of opioids. 

33. D The patient’s vital signs suggest that head trauma had in- 
creased intracranial pressure. When this pressure is sub- 
stantially elevated over a short period, there is a stimulation 
of the vasomotor area (which causes hypertension) and stim- 
ulation of vagal outflow (which causes bradycardia). Opioid 
analgesics generally are avoided in patients with head injury 
for the following reasons: 

• Opioids induce carbon dioxide retention, which in turn 
causes vasodilation of the cerebral arteries and a conse- 
quent increase in intracranial pressure, which might be 
already elevated because of the head injury, as in this case. 

• Head injury potentiates the respiratory depressant effects 
of opioids. 

A-C, E Nonsteroidal antiinflammatory drugs are not con- 
traindicated in cases ofhead trauma. 




learning objective: Outline the therapeutic uses of opioids. 

34. D The patient’s signs and symptoms indicate that he was 
most likely receiving an opioid analgesic. Opioid analgesics 
such as morphine are the only analgesics that can reduce 
the affective aspect of pain experience (“It doesn’t bother 
me so much”). The sedative effect of opioids can explain the 
patient’s drowsiness during the day, and the opioid-induced 
increased tone of the internal sphincter of the bladder can 
explain the difficulty in voiding. 

A Amitriptyline can have analgesic effects (mainly in neu- 
ropathic pain) but does not alter the affective aspect of pain 
experience. 

B, F Acetaminophen and ketorolac are less effective than 
opioids as analgesics and do not reduce the affective aspect 
of pain experience. 

C, E Haloperidol and diazepam can alter the affective as- 
pect of the environment, but they are devoid of analgesic 
properties. 

Learning objective: Outline the therapeutic uses of opioids. 

35. E When cancer pain is severe and no longer relieved by non- 
steroidal antiinflammatory drugs, an opioid analgesic is usu- 
ally needed. Methadone is a strong opioid with excellent oral 
bioavailability and a long half-life (about 25 hours). There- 
fore, its administration is most convenient for the patient, and 
a single daily dose can provide adequate, continuous coverage. 

A See correct answer explanation. 

B, D Morphine and fentanyl are effective analgesics, but 
the administration route is more difficult and can be painful 
in cachectic patients with terminal cancer, as in this case. 

C Tramadol is a mild analgesic and is not appropriate for 
strong pain. 

Learning objective: Outline the therapeutic uses of opioids. 

36. D Conscious sedation is aimed at providing alleviation of 
anxiety and pain, together with a diminished (but not abol- 
ished) state of consciousness. Benzodiazepines and opioids 
are used most often to obtain conscious sedation because 
this treatment has the advantage of being reversible by spe- 
cific receptor antagonists (flumazenil and naloxone, respec- 
tively). The use of opioids must be very cautious in cases of 
head trauma because these drugs tend to increase intracra- 
nial pressure. In this case, the fact that the patient did not 
lose consciousness and had intact reflexes suggests that in- 
tracranial injury was unlikely and that the behavior of the 
patient was mainly related to pain. 

A Ibuprofen and codeine are mild analgesic drugs and 
therefore are not useful in this setting. 

B Buspirone is an anxiolytic drug with negligible hypnotic 
activity, and its antianxiety effect may take more than a 
week to become established. Therefore, it is not useful for 
acute treatments. 


C Zolpidem is a hypnotic drug used only for treatment of 
insomnia. 

E Diazepam could be appropriate, but acetaminophen is a 
mild analgesic and therefore not useful in this setting. 

Learning objective: Outline the therapeutic uses of tramadol. 

37. D The patient’s history and symptoms indicate that he was 
most likely suffering from postherpetic neuralgia, a painful 
condition that develops after a case of shingles. Shingles is a 
very common disease (about one million cases every year in 
the United States), and a number of shingles cases convert to 
postherpetic neuralgia. Three major classes of medications 
are commonly used in the treatment of neuropathic pain: 
antidepressants, especially tricyclics; anticonvulsants, espe- 
cially gabapentin and carbamazepine; and sodium channel 
blockers, especially mexiletine. Opioids are usually not very 
effective, but tramadol is a unique dual-acting opioid agent, 
as it is a weak agonist at p (mu) receptors but also inhibits 
the neuronal reuptake of serotonin and norepinephrine. It 
has shown effectiveness in a number of neuropathic pain 
states, including postherpetic neuralgia. 

A, F Antipyretics-analgesics are minimally effective against 
neuropathic pain. 

B Some anticonvulsants are effective in neuropathic pain, 
but ethosuximide is ineffective. 

C Benzodiazepines have no analgesic effects. 

E Serotonin and norepinephrine reuptake inhibitors such 
as venlafaxine and duloxetine are effective in neuropathic 
pain, but selective serotonin reuptake inhibitors are not. 

Learning objective: Outline the therapeutic uses of meperidine. 

38. D Postanesthetic shivering is a common symptom after an- 
esthesia, affecting 40 to 60%of patients who receive volatile 
anesthetics. Postanesthetic shivering can be subdivided into 

• Thermoregulated shivering (with vasoconstriction), which 

is a normal response to hypothermia 

• Nonthermoregulated shivering (without vasoconstriction). 

The mechanism is unknown but seems related to post- 
operative pain. 

Because many neuronal systems appear to modulate central 
thermoregulation, numerous drugs can have antishivering 
properties, including a 0 agonists (clonidine), cholinergic 
agonists (physostigmine), 5-HT 3 antagonists (ondansetron), 
and opiates (meperidine, morphine, fentanyl, and tramadol). 
Meperidine is more effective than equianalgesic concentra- 
tion of other opiates and is currently used for postanesthetic 
shivering. The mechanism is still uncertain but seems to be 
related to activation ofx (kappa) receptors and/or to activa- 
tion of a subtype of a 0 receptors. 

A-C, E See correct answer explanation. 




learning objective: Outline the therapeutic uses of opioid 
antagonists. 

39. C The signs of the patient suggest that the mother was 
treated with morphine during labor. In this instance, the 
newborn baby can present signs of morphine overdose (pin- 
point pupil, respiratory and central nervous system [CNS] 
depression) because the drug easily crosses the placenta. 
Naloxone, injected into the umbilical vein, easily counteracts 
the morphine-induced respiratory and central nervous sys- 
tem depression. Because naloxone actions are short, addi- 
tional doses may be needed to maintain morphine reversal. 

A Flumazenil can counteract the depressive CNS effects 
induced by benzodiazepines, but not the ones induced by 
opioids. Moreover, diazepam is not an analgesic drug and 
does not cause all the symptoms shown by the baby. 

B, D Theophylline and caffeine can have respiratory 
stimulant properties, but they are functional antagonists of 
morphine-induced respiratory depression and therefore much 
less effective than naloxone, which is a pharmacological 
antagonist. 

E, F Albuterol and ipratropium are bronchodilating agents 
and are therefore useless in case of depression of the respira- 
tory center. 

learning objective: Outline the therapeutic uses of codeine/acet- 
aminophen combination. 

40. CThe codeine/acetaminophen combination is the one most 
frequently used to treat mild or moderate postsurgical pain. 
The onset of action is rapid, and it can be titrated to effect. 

A, B, D, E These combinations are not currently used to 
treat moderate postsurgical pain. Moreover, all these combi- 
nations include a nonsteroidal antiinflammatory drug. These 
agents are contraindicated in patients with present or past 
history of peptic ulcer, as in this case. 

learning objective: Explain the reason for the use ofbuprenorphine/ 
naloxone combination in the treatment of opioid dependence. 

41. D Naloxone is combined with buprenorphine in a sublingual 
preparation called suboxone. The aim of the combination 
was to prevent intravenous (IV) buprenorphine abuse. It is 
known that opioid addicts often dilute an opioid preparation 
and inject it IV. When given by the sublingual route, naloxone 


is minimally absorbed, whereas buprenorphine absorption 
is good (about 70°/). If the combination is given IV, naloxone 
should block buprenorphine’s rewarding effects and even 
throw the addict into precipitated withdrawal. However, it 
is worth noting that these effects ofthe combination can be 
achieved, at best, only partially, because buprenorphine has 
a higher affinity for opioid receptors than naloxone and dis- 
sociates very slowly from opioid receptors. 

A-C, E None of these effects will occur, as the sublingual 
absorption of naloxone is negligible. 

foaming objective: Identify the drug whose analgesic effect is 
most likely due to its conversion to morphine. 

42. B Nonsteroidal antiinflammatory drugs (NSAIDs) are partic- 
ularly useful in the management of cancer-related bone 
pain, but when they cannot control it, the addition of an opi- 
oid is the best course of action. Because the pain is moder- 
ate, a mild opioid such as codeine can be appropriate. About 
10% of the administered codeine is demethylated to mor- 
phine. Because codeine has an exceptionally low affinity for 
opioid receptors, its analgesic effect is most likely the result 
of its conversion to morphine. This conclusion is supported 
by pharmacokinetic data. It is known that an oral codeine 
dose of 120 mg is about equieffective to the standard intra- 
muscular morphine dose of 10 mg. The oral bioavailability 
of codeine reported in the literature is 70 to 90% Therefore, 
about 96 mg ofthe 120-mg dose can be absorbed, and 10%of 
that dose (i.e., 9.6 mg) is converted to morphine. 

A, C-E None of these opioids are biotransformed to 
morphine. 
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Answers and Explanations: HI-13 Drugs of Abuse 


Questions 1-5 

1. N 

2. A 

3. F 

4. B 

5. G 

learning objective: Describe the adverse effects of cocaine. 

6. C The patient’s signs and symptoms indicate that he most 
likely took a high dose of cocaine. Formication (“Bugs are 
crawling under my skin”), stereotyped behavior, and para- 
noid delusions, together with signs of sympathetic overactiv- 
ity (hypertension and tachycardia), are classic symptoms of 
cocaine overdose. 

A, B, D These drugs do not cause all the symptoms exhibited 
by the patient. 

E Phencyclidine can cause many signs and symptoms simi- 
lar to those of cocaine, but the patient is usually disoriented, 
and nystagmus is a prominent sign. Both are absent in this 
patient. 

Learning objective: Describe the adverse effects of cocaine. 

7. D Behavioral stereotypy is a prominent symptom of chronic 
use of high doses of psychostimulants such as cocaine and 
amphetamines. Stereotyped behavior is characterized by re- 
petitive and purposeless motor actions, and it has been pos- 
tulated to result from an abnormal dopamine response after 
long-term use. 

A Even after high doses of cocaine, the person usually re- 
mains alert and oriented. 

B, C, EThese symptoms usually occur when cocaine is with- 
drawn, but opposite symptoms occur as long as sufficient 
cocaine levels are present in the body. 

learning objective: Explain the mechanism of action of canna- 

binoids. 

8. A The boy’s signs and symptoms indicate that he was most 
likely using cannabis. Cannabinoid receptors have been found 
in the human brain, and endogenous ligands (anandamide 
and 2-arachidonyl glycerol) have been identified that act as 
neurotransmitters. These receptors are widely distributed in 
the cerebral cortex, hippocampus, striatum, and cerebellum 
and are mainly located presynaptically, thus inhibiting the 


release of glutamate or gamma-aminobutyric acid (GABA). 
The physiological role of these receptors and their endoge- 
nous ligands is not completely understood, but they most 
likely have important functions because of their wide loca- 
tion. For example, in the hippocampus, they may contribute 
to induction of synaptic plasticity during memory formation. 

B-E These actions would not cause all the symptoms ex- 
hibited by the patient. 

Learning objective: Describe the adverse effects of marijuana. 

9. B The two most characteristic somatic effects of cannabi- 
noids in humans are increased pulse rate and reddening of 
conjunctiva, which is related to the general vasodilation in- 
duced by these drugs. 

A Cannabinoids can cause vasodilation, which in turn 
causes a dose-related decrease in blood pressure. Postural 
hypotension, not hypertension, is evident. 

C Cannabinoids produce changes in mood, but the most 
common psychic effects are euphoria and disinhibition, not 
depression. 

D In fact, cannabinoids have a weak but clinically signifi- 
cant analgesic action. 

E Although cannabinoids cause subjective feelings of con- 
fidence and heightened creativity, they usually lead to im- 
pairment of cognitive functions, learning, and memory. 

F Cannabinoids cause generalized vasodilation, so pale 
skin is unlikely. 

Learning objective: Describe the adverse effects of LSD. 

10. CThe fact that the man perceived symptoms typical of LSD 
intoxication 2 months after taking the offending drug points 
out that he was most likely experiencing a flashback, a par- 
ticularly troubling aftereffect of LSD and related drugs. The 
flashback (now called hallucinogen-persisting perception 
disorder) is a recurrence of part or all of a hallucinogenic 
drug experience, weeks or months after the drug was last 
taken. Some users have reported these perceptual sensations 
even years after the drug exposure. Precipitating conditions 
include stress, fatigue, anxiety states, emergence into a dark 
environment, and neuroleptics. 

A, B, D-F These syndromes lack the symptoms described 
by the patient. 




learning objective: Describe the pharmacological therapy of nico- 
tine dependence. 

11. B Bupropion is an atypical antidepressant structurally simi- 
lar to diethylpropion, an amphetamine-like appetite suppres- 
sant. The drug inhibits reuptake of dopamine, noradrenaline, 
and serotonin in the central nervous system, is a noncom- 
petitive nicotine receptor antagonist, and at high concen- 
trations inhibits the firing of noradrenergic neurons in the 
locus ceruleus. It is not clear which of these effects accounts 
for the usefulness of bupropion during smoking cessation, 
but all could be important. During nicotine withdrawal, 
there is a reduction in central dopamine and norepinephrine 
levels and increased firing in the locus ceruleus. The anti- 
smoking effect of bupropion does not seem to be related to 
the antidepressant effect, as bupropion is equally effective 
as a smoking cessation therapy in smokers with and without 
depression. The drug can achieve long-term abstinence in 
about 20%of smokers. Other drugs used for smoking cessa- 
tion are clonidine and varenicline. 

A, C-F See correct answer explanation. 

Learning objective: Outline the pharmacological therapy of opiate 
withdrawal. 

12. B The patient’s symptoms indicate that he was most likely 
experiencing heroin withdrawal. Administration of an opi- 
oid drug acting mainly on p (mu) receptors is the best strat- 
egy to attenuate withdrawal from opiates. Methadone was 
the preferred drug in the past, because it has a long duration 
of action and can be tapered slowly to minimize abstinence 
symptoms. More recently, buprenorphine has been shown 
to work better than other opioids for treating withdrawal 
from opiates and is now the drug most frequently used for 
this purpose. 

A, C-F See correct answer explanation. 

learning objective: Outline the use of buprenorphine in the long- 
term management of opiate dependence. 

13. B Detoxification from opioids follows the general principles 
that are valid for all drugs of abuse. It is convenient to change 
the patient from an intravenous opioid such as heroin to an 
orally active and pharmacologically equivalent opioid, then 
to reduce the dose of that opioid gradually. Methadone was 
extensively used in the past, but more recently the introduc- 
tion of buprenorphine, a partial p (mu) opioid agonist, has 
represented a major change in the treatment of opiate ad- 
diction. The drug produces minimal withdrawal symptoms 
when stopped and has low potential for overdose, a long du- 
ration of action, and the ability to block heroin effects. 


A Benzodiazepines are sometimes used to sedate a per- 
son under heroin withdrawal, but they are not suitable to 
achieve the goal of a drug-free patient. 

C Naltrexone blocks the euphoric effect of opioids and is 
therefore used to prevent relapse and eventually to extin- 
guish the habit, once the addict has become drug-free, but it 
can precipitate withdrawal ifused in a person still physically 
dependent on opioids. 

D-F These drugs are not used in opioid detoxification. 

Learning objective: Describer the symptoms and signs of steroid 
abuse. 

14. EThe patient’s signs and symptoms, as well as his personal 
history (he is a body builder), suggest that an anabolic ste- 
roid is most likely the culprit drug. Anabolic steroids are 
often abused by people engaging in competitive sports; by 
body builders, for example. The primary effects sought are 
increased muscle mass and strength. Among the manifesta- 
tions of heavy use are increased irritability and aggression 
(common), changes in libido and sexual functions, and mood 
changes with occasional psychotic features. 

A-C Overdose of these drugs rarely causes aggressive be- 
havior, and all can be detected by routine drug screening. 

D, F Mifepristone and danazol are not abused drugs. 

Learning objective: Describe the pharmacological effects of 
marijuana. 

15. B The girl’s signs and symptoms indicate that she most 
likely smoked marijuana cigarettes. Tachycardia and redden- 
ing of the conjunctiva are the two most characteristic so- 
matic effects of cannabinoids in humans. Other symptoms 
are euphoria, uncontrollable laughter, depersonalization, and 
sharpened vision, as in this case. 

A, C-E The behavioral signs and symptoms caused by 
these drugs are different from those exhibited by this girl. 
Moreover, a typical somatic effect of LSD and cocaine is 
mydriasis, whereas heroin and phencyclidine cause miosis, 
neither of which occurred in this girl. 

learning objective: Describe the use of naltrexone in ethanol 
dependence. 

16. D Experimental studies in animals suggest that alcohol 
drinking is influenced by opiate receptor activity and is re- 
duced by opiate antagonist action. Several clinical trials have 
shown that naltrexone decreases the rate of relapse to alco- 
hol consumption and reduces alcohol craving. The drug has 
been approved by the U.S. Food and Drug Administration for 
this purpose. 

A, B Diazepam and clonidine are used to treat ethanol ab- 
stinence syndrome, but they do not reduce ethanol craving 
in alcoholics. 



C Disulfiram is used to induce a conditioned aversion to 
alcohol, but the rationale for its use is not based on a rela- 
tionship between ethanol craving and opioid activity. 

E, F Methadone and buprenorphine are not used to treat 
ethanol dependence. 

Learning objective: Describe the signs and symptoms of opiate 
withdrawal. 

17. AThe patient’s signs and symptoms indicate that heroin was 
the drug from which he was experiencing withdrawal. Opi- 
oid abstinence syndrome includes 

• Prodromal phase, characterized by autonomic activation 
(rhinorrhea, lacrimation, salivation, yawning, and sweat- 
ing) that lasts 6 to 10 hours 

• Acute withdrawal syndrome, characterized by a high de- 
gree of behavioral, somatic, and autonomic activation 
(restlessness, shaking chills, piloerection, nausea, abdom- 
inal cramps, etc.) that lasts about 7 to 10 days. 

• Protracted withdrawal syndrome, characterized by subtle 
signs and symptoms that can persist for up to 6 months. 
During this period, the recidivism rate is high. 

B, C Abstinence syndrome from these drugs is primarily 
characterized by depressive symptoms (depression, sleepi- 
ness, and fatigue). 

D-F There is no evidence of a clinically significant with- 
drawal syndrome for these drugs in humans. 

Learning objective: Describe the signs and symptoms of opiate 
poisoning. 

18. B The triad of coma, miosis, and respiratory depression indi- 
cates that heroin was most likely the drug the woman had 
self-injected. Accidental overdosage is not uncommon in 
addicts, as the dose of an illicit drug is never accurate. The 
respiratory rate can be very low, or the patient may even be 
apneic, and cyanosis is often present. The pupils are sym- 
metrical and pinpoint in size, although if hypoxia is severe, 
they may be dilated. Blood pressure can be near normal at 
first but falls progressively. 

A, C-F Overdose of these drugs is not characterized by pin- 
point pupils. 

Learning objective: Describe the main symptoms of nicotine 
abstinence. 

19. A Upon sudden cessation of smoking tobacco, individuals 
who smoke 20 or more cigarettes daily develop an absti- 
nence syndrome, which is usually not severe. Its main fea- 
tures are 

• Irritability and restlessness (the most common symptoms) 

• Craving for cigarettes (usually intense and persistent) 

• Insomnia 


• Fatigue 

• Difficulty in concentrating 

• Dysphoric, anxious, or depressed mood 

• Cough, dry throat, nasal drip 

• Constipation, stomach pain 

• Decreased heart rate, hypotension 

• Increased appetite and weight gain 

B-E Nicotine abstinence symptoms are opposite to those 
listed in these options. 

learning objective: Describe the signs and symptoms of benzo- 
diazepine withdrawal. 

20. C People who have been using high doses of benzodiaze- 
pines, such as alprazolam, for long periods can experience 
withdrawal symptoms on abrupt termination of the admin- 
istration. The withdrawal syndrome may include the follow- 
ing symptoms: 

• Following moderate dose usage: anxiety, agitation, in- 
creased sensitivity to light and sound, paresthesias, myo- 
clonic jerks, sleep disturbances, dizziness 

• Following high-dose usage: delirium, seizure 

The abrupt onset of the withdrawal syndrome, as well as 
its severity, is a function of the half-life of the drug. Benzodi- 
azepines with shorter elimination half-lives (alprazolam, 
lorazepam, temazepam, and midazolam) produce a rapidly 
evolving and severe withdrawal syndrome (symptoms within 
12 to 24 hours after the last dose), whereas those with lon- 
ger half-lives usually have a built-in tapering-off action that 
makes the withdrawal syndrome less severe but longer in 
duration. 

A No withdrawal syndrome from a hallucinogenic drug 
such as FSD has been observed. 

B, D-F Seizures are exceptionally rare in withdrawal syn- 
dromes from these drugs. 

learning objective: Explain the mechanism of action of disulfiram. 

21. B The history and symptoms of the patient point out that 
the administered drug was most likely disulfiram, an agent 
approved by the U.S. Food and Drug Administration for the 
treatment of alcoholism. By inhibiting aldehyde dehydroge- 
nase, disulfiram causes an accumulation of acetaldehyde, 
the substance responsible for the toxic symptoms exhibited 
by the patient. The rationale behind the therapy with disul- 
firam is based on the premise that the patient will not drink 
ethanol because of the unpleasant effect that occurs when 
ethanol is administered with disulfiram. Although effective 
pharmacologically, the drug has not been found effective in 
clinical trials because compliance with this therapy is often 
very low. 

A, C-E See correct answer explanation. 



learning objective: Describe the adverse effects of cannabis. 

22. EThe signs ofthe patient (reddening ofthe conjunctiva with 
no change in pupil diameter, a fast pulse, and a diffuse 
tremor) suggest that the boy was smoking marijuana and 
was experiencing an acute panic reaction. This reaction is 
the most frequently reported adverse effect of cannabis, and 
several surveys indicate that about one half of cannabis 
users have reported at least one panic experience. 

A, B Amphetamine and cocaine would have caused pro- 
nounced mydriasis. 

C A panic reaction is exceptionally rare with gamma- 
hydroxybutyric acid. 

D Heroin would have caused pronounced miosis. 

learning objective: Describe the signs and symptoms of delirium 
tremens. 

23. E Delirium tremens characterizes stage 4 of ethanol absti- 
nence syndrome. It includes terrifying visual (or, less fre- 
quently, auditory or tactile) hallucinations, marked weakness, 
gross disorientation in space and time, confusion, aggres- 
sion, extreme psychic agitation, coarse tremors ofthe hands, 
head, and trunk, marked ataxia, nystagmus, muscular cramps, 
and signs of autonomic activation (sweating, nausea and 
vomiting, abdominal pain, hypertension, mydriasis, tachy- 
cardia, tachypnea, and hyperthermia). The life-threatening 
potential of alcohol abstinence syndrome is the highest of all 
such syndromes. When delirium tremens occurs, the mor- 
tality ranges from 5 to 15% despite appropriate treatment, 
and is about 35%in untreated cases. Death usually occurs 
from respiratory failure and cardiac arrhythmias. 

AMydriasis, not miosis, is a prominent symptom. 

B Hypertension, not hypotension, is present in most cases. 

C Hyperthermia, not hypothermia, is a prominent 
symptom. 

D Muscular cramps, not relaxation, is a prominent 
symptom. 

learning objective: Describe the symptoms of ethanol with- 
drawal. 

24. C Ethanol withdrawal can occur when an alcoholic person 
is forced to stop drinking because of some external event, 
such as the hospital admission in this case. The signs and 
symptoms of the patient (agitation, tremulousness, and hal- 
lucinations) are consistent with the first phase of alcohol 
withdrawal that typically occurs 8 to 48 hours after the last 
ethanol intake. 

A, B, D, E These events do not cause the syndrome exhib- 
ited by the patient. 


Learning objective: Describe the adverse effects of cocaine. 

25. E Smoking freebase cocaine (crack) is a common cause of 
diffuse alveolar hemorrhage. Other causes are Goodpasture 
syndrome, systemic lupus erythematosus, systemic vascu- 
litis, and rapidly progressing glomerulonephritis. Bilateral 
alveolar infiltrates are typical of diffuse alveolar hemor- 
rhage. Bronchoscopy is the most useful procedure in defin- 
ing bleeding sites and determining whether they are local or 
diffuse. 

A-D None of these drugs cause diffuse alveolar hemor- 
rhage. 

Learning objective: Describe the illicit uses of gamma-hydroxybu- 

tyric acid (GHB). 

26. F The girl was most likely raped after a drug was added to 
her drink. Such “date rape” drugs can be used to assist in the 
commission of a sexual assault. Drugs used to facilitate rape 
may have sedative, hypnotic, dissociative, or amnesiac ef- 
fects and can be added to food or drink without the victim ’s 
knowledge. The three most commonly used date rape drugs 
are alcohol, gamma-hydroxybutyric acid (GHB), and benzo- 
diazepines (e.g., flunitrazepam). Alcohol is most frequently 
implicated in substance-assisted sexual assault. Both benzo- 
diazepines and GHB can cause anterograde amnesia, thus 
making the victim unable to recall the sexual assault. 

A-E These are not “date rape” drugs. 

Learning objective: Describe the signs and symptoms of methanol 

poisoning. 

27. F Methanol (methyl alcohol) is extensively used in cleaning 
products, fuel for small stoves, paint strippers, and gas line 
antifreeze. Poisoning sometimes occurs in homeless alcohol- 
ics who drink methanol when they are out of money and 
cannot purchase the daily amount of alcohol they require. 
Symptoms of methanol poisoning may appear as soon as 12 
hours following ingestion, but they usually develop 24 hours 
after ingestion. These may resemble ethanol intoxication 
and consist of drowsiness, confusion, and ataxia, as well as 
weakness, headache, nausea, vomiting, and abdominal pain. 
Methanol toxicity in humans is primarily due to metabolism 
to formaldehyde and formic acid, a reaction catalyzed by 
the enzyme alcohol dehydrogenase. As methanol metabo- 
lism proceeds, the accumulation of these metabolites leads 
to a severe anion gap metabolic acidosis. Severe metabolic 
acidosis in conjunction with visual effects is the hallmark 
of methanol poisoning. Patients usually describe blurred or 
misty vision (e.g., being in a snowstorm), double vision, or 
changes in color perception. There may be constricted visual 



field and, occasionally, total loss of vision. Characteristic 
visual dysfunctions include pupillary dilation and loss of 
pupillary reflex. Treatment of methanol poisoning includes 
suppression of its metabolism to toxic products. Because 
ethanol is metabolized preferentially by alcohol dehydroge- 
nase, its administration (orally or intravenously) can retard 
the biotransformation of methanol to its toxic metabolites. 
A more specific inhibitor of alcohol dehydrogenase, fomepi- 
zole, has been approved for treatment of methanol and eth- 
ylene glycol poisoning. 

A-E These syndromes do not cause the signs and symp- 
toms exhibited by the patient. 

learning objective: list the main risks of cannabis use in people 

with a history of schizoaffective disorder. 

28. CThe ordinary use of cannabis produces little or no distur- 
bances of behavior in people with stable personality. How- 
ever, there are numerous clinical reports that cannabis use 
can precipitate a recurrence in people with a history of 
schizophrenia. 

A A depressive episode after cannabis use is extremely 
rare. 

B, D, E Cannabis use does not increase the risk of these 
disorders. 

Learning objective: Identify the drug of abuse that does not result 

in physical or psychological dependence. 

29. C Unlike most recreational drugs, hallucinogenic agents 
such as LSD induce neither physical nor psychological de- 
pendence and therefore do not lead to addiction. A likely 
reason for this is that these drugs primarily influence corti- 
cal and thalamic circuits and do not activate the mesolimbic 
dopamine reward system. 

A, B, D-F All of these drugs can cause more or less pro- 
nounced physical dependence when used chronically. 

learning objective: Describe the syndrome of cocaine overdose. 

30. G The patient’s syndrome was most likely due to cocaine 
overdose. This syndrome is often rapidly fatal because of sei- 
zures, respiratory depression, and arrhythmias, as in this 
case. 

ADeath can occur from heroin overdose, but the syndrome 
is characterized by coma, shallow breathing, and miotic, not 
mydriatic, pupils. 

B Death can occur from gamma-hydroxybutyric acid over- 
dose, but the syndrome is characterized by coma, myoclonic 


movements, bradycardia (about 30%of patients), and hypo- 
thermia, not hyperthermia. 

C-F The risk of death from overdose by these drugs is 
negligible. 

learning objective: Explain the mechanism of action of phen- 
cyclidine. 

31. E The vertical and horizontal nystagmus showed by the 
patient suggests that she smoked phencyclidine-drugged 
cigarettes. Nystagmus (vertical, horizontal, or rotatory) is 
considered a hallmark of phencyclidine intoxication, as it is 
present in up to 69%of cases. Phencyclidine binds with high 
affinity and blocks the TV-methyl-d-aspartate (NMDA) sub- 
type of glutamate receptors in the brain. This seems to be 
the main mechanism of action of the drug, but other mech- 
anisms have been proposed, including the activation of p 
(mu) opioid receptors, which may account for its analgesic 
properties. 

A-D See correct answer explanation. 

Learning objective: Describe the adverse effects of USD. 

32. F The symptoms and signs of the patient indicate that she 
had taken LSD (lysergic acid diethylamide) and was experi- 
encing a mild adverse mental effect that in the users’jargon 
is a “bad trip.” A more severe psychotic reaction can rarely 
occur with terrifying hallucinations, panic reactions, loss of 
emotional control, and cataleptic behavior. The users refer 
to this as a “freak-out.” 

A Cocaine can cause some of the patient’s signs and 
symptoms (mydriasis, tachycardia, increased blood pressure, 
sweating, and tremor), but the type of illusion she experi- 
enced (room furniture being “alive”) is an extremely rare 
effect of cocaine overdose. 

B Opioid effects are mainly depressant in nature, and mi- 
osis, not mydriasis, is a prominent sign. 

C Avery large dose of cannabinoids can cause distortion of 
visual perception and hallucinations, but these are usually 
accompanied by drowsiness and lethargy, not by excitation. 

D Amyl nitrite is a volatile liquid that is sometimes abused 
to enhance orgasm. It can only produce a transient feeling of 
“rush,” flushing, and dizziness. 

E Phencyclidine causes effects that can be similar to those 
of LSD, but nystagmus is a prominent effect of the drug and 
is absent in this patient. 



Learning objective: Describe the adverse effects of phencyclidine. 

33. CThe signs and symptoms of the patient suggest that phen- 
cyclidine was most likely the self-administered drug. Phen- 
cyclidine causes effects that are different from those of 
psychedelic drugs such as LSD. In low doses, the drug causes 
emotional withdrawal, inebriation, ataxia, changes in body 
image, and a mind-body dissociative feeling. Horizontal nys- 
tagmus, vertical nystagmus, or both are often present and 
are considered hallmarks of phencyclidine intoxication. As 
the dose of phencyclidine increases, the patient may mani- 
fest agitation, hostile and assaultive behavior (unlike psy- 
chedelic drugs, which very rarely cause such behavior). The 
action of the drug on the autonomic nervous system be- 
comes more prominent and is characterized by a confusing 
combination of adrenergic, cholinergic, and dopaminergic 
effects. A hypertensive response is typically encountered. 
Tachycardia, tachypnea, hyperthermia, and miosis (or, more 
rarely, mydriasis) may also be noted. The agitated, combative 
patient often has feelings of great strength. This, combined 
with the anesthetic effect of the drug, can result in serious 
injury because there is no pain sensation to stop the physical 
activity. With very large doses, catatonia and coma can occur 
with muscular rigidity that can cause rhabdomyolysis. 

A, B, D, E All of these drugs can cause some or many of the 
symptoms exhibited by the patient, but nystagmus is rare. 

learning objective: Describe the use of ethanol in ethylene glycol 

poisoning. 

34. C Poisoning by ethylene glycol is not uncommon in young 
children because of its sweet taste. The chemical itself is 
relatively nontoxic, but it is biotransformed into hippuric, 
oxalic, and glycolic acids by the enzyme alcohol dehydro- 
genase. These metabolites are toxic and can cause severe 
metabolic acidosis, renal failure, and coma. Metabolism of 
ethylene glycol to its toxic products can be blocked by inhib- 
iting alcohol dehydrogenase. Ethanol is metabolized preferen- 
tially by alcohol dehydrogenase; therefore, its administration 
(orally or intravenously) can retard the biotransformation of 
ethylene glycol to its toxic metabolites. 

A, B, D, E See correct answer explanation. 

learning objective: list the main risks of cannabinoid use. 

35. D Because cannabis alters the sense of time and spatial per- 
ception, the risk of driving or work accidents is increased in 
people who are using cannabis. 

A There is no recorded death from parenteral injection of 
pure hashish oil. The therapeutic index of cannabinoids is 
exceedingly high. 

B Amild abstinence syndrome has been described follow- 
ing chronic use of very high doses. The syndrome includes 
increased restlessness, irritability, confusion, insomnia, sleep 


disturbances, nausea, cramping, and sweating. The syndrome 
is never lethal. 

C, E There are no data reported in the literature of an in- 
creased risk of these diseases with the use of cannabis. 

Learning objective: Explain the mechanism of action of methy- 
lenedioxymethamphetamine (MDMA). 

36. B The patient’s signs and symptoms (hyperthermia, mental 
status changes, and muscle rigidity) suggest that he was 
most likely suffering from serotonin syndrome. MDMAcauses 
the release of monoamines by reversing the action of their 
respective transporters. It has a preferential affinity for sero- 
tonin transporter resulting in increased synaptic levels of 
serotonin. The release of this neurotransmitter is so great 
that there is a marked intracellular depletion for 24 hours 
after a single dose 

A, C-F See correct answer explanation. 

Learning objective: Calculate the quantity of ethanol consumed 

by a subject, given sufficient data. 

37. B The quantity of a drug in a person’s body can be calcu- 
lated by 

Amount = C x y 

p d’ 

where C p is plasma concentration and V d is volume of distri- 
bution. Therefore, the quantity in the patient’s body on ad- 
mission was about 225 g, a quantity close to the lethal dose 
for 50%of subjects (LD 50 ) of ethanol. 

A, C-F See correct answer explanation. 

learning objective: Describe the mechanism of action of LSD. 

38. D LSD (lysergic acid diethylamide) is a semisynthetic ergot 
alkaloid. Extensive studies have shown that the drug, like 
most ergot derivatives, interacts with several serotonin re- 
ceptor subtypes in the brain (mainly 5-HT ]A and 5-HT 0A ) as 
a full or partial agonist. It appears to act as a full agonist at 
5-HT 1A autoreceptors in raphe neurons, producing a marked 
slowing ofthe firing rate of serotonergic neurons. Action on 
5 -HT 2a receptors appears to disrupt thalamic gating, which 
in turn causes sensory overload ofthe brain cortex. 

A-C, E, F See correct answer explanation. 

learning objective: Describe the symptoms of amphetamine 

withdrawal. 

39. D Signs and symptoms of withdrawal from an abused drug 
tend to be opposite to the original effects produced by that 
drug. Therefore, the withdrawal syndrome from psycho- 
stimulant drugs such as amphetamines and cocaine is manly 
depressant in nature and includes somnolence, headache, de- 
pression, and lack of motivation. Because amphetamine-like 
drugs cause anorexia, a ravenous appetite is also a prominent 




symptom of withdrawal. The withdrawal syndrome from 
amphetamine-like drugs may last for several days. 

A-C, E The withdrawal syndrome from these drugs is 
mainly excitatory in nature. 

learning objective: Describe the adverse effects of chronic etha- 
noluse. 

40. E Chronic use of high doses of ethanol can damage several 
organs, but the liver, brain, and heart are the ones most fre- 
quently involved. Dilated cardiomyopathy is due to exten- 
sive myocardial fibrosis with diffuse loss of myocytes. This 
results in thinning of heart walls, consequent dilation of 
ventricular chambers, and heart failure. Patients with ad- 
vanced alcoholic cardiomyopathy and severe heart failure 
have a poor prognosis, particularly if they continue to drink; 
less than one quarter of such patients survive 3 years. 

A-D, F The increased risk of these diseases due to alco- 
holism is low or negligible. 

Learning objective: Describe the polyneuropathy that can occur 
after chronic administration of nitrous oxide. 

41 . B The patient was most likely suffering from polyneuropa- 
thy due to chronic administration of nitrous oxide. This gas 
can be found easily because it is used in the food and car in- 
dustries. Common sources are cartridges used to recharge 
whipped cream containers. The brief euphoria produced 
by nitrous oxide makes it prone to abuse. The mechanism 
of nitrous oxide-induced neuropathy is still uncertain but 
seems related to a deficiency of vitamin B 12 , because the 
drug inactivates the vitamin by oxidation of the cobalt atom. 
The deficiency is more likely in persons already at risk of 
vitamin B p deficiency, as in this case (see the long history of 
alcoholism). 

A Amyl nitrite is sometimes abused but does not cause 
polyneuropathy. 

C-E These are not abused drugs. 

Learning objective: Describe the pattern of central effects caused 
by inhalants. 

42. E Inhalants are a group of substances whose chemical va- 
pors can be inhaled to produce pleasant effects. Whereas 
other abused substances can be inhaled, the term inhalants 
is used to describe substances that are rarely, if ever, taken in 
any other way. A variety of products common in the home 
and workplace contain substances that can be inhaled. These 
include volatile solvents, such as glues and stain removers, 
and aerosols that contain propellants and solvents, such as 
deodorant sprays and whipped cream aerosols. Children and 
adolescents are particularly prone to this form of abuse be- 
cause the chemicals can be easily found at home. Gases and 
vapors are rapidly absorbed when inhaled and tend to dis- 
tribute preferentially in lipid-rich and highly perfused organs, 


such as the brain and the liver. Nearly all inhalants have cen- 
tral nervous system (CNS) depressant effects, and evidence 
from animal studies suggests that their effects and mecha- 
nism of action are similar to those of alcohol and other 
sedative-hypnotics. They produce a temporary stimulation 
and reduced inhibition before the depressive CNS effects 
occur. Inhalant abuse is typically episodic in nature; thus, 
users may not be exposed to levels with sufficient frequency 
necessary to develop physical dependence. However, it is a 
very dangerous habit because inhaling highly concentrated 
amounts of the chemicals can cause heart failure and death 
within minutes after repeated inhalation (a syndrome known 
as “sudden sniffing death”). 

A-D See correct answer explanation. 

Learning objective: Describe the interaction between ethanol and 
other central nervous system (CNS) depressants. 

43. C The patient’s history and blood exams suggest that his 
death was most likely due to a combination ofheroin (which 
is converted to morphine) and alcohol. Ethanol enhances the 
sedative effects of most other CNS depressants, including 
sedative-hypnotics, opioids, several neuroleptics, and some 
antihistamines, as well as the effects of some psychostimu- 
lant drugs, including cocaine and amphetamine. The inter- 
action between alcohol and sedative-hypnotics or opioids 
is particularly prominent, and several studies indicate that 
ethanol substantially decreases the minimum lethal concen- 
tration ofheroin, as in this case. 

A, B, D, E These drugs do not enhance the CNS depressant 
effects of opioids. Death due to a combination of an opioid 
and one of the listed drugs is exceptionally rare. 

learning objective: Differentiate between cocaine and metham- 
phetamine effects. 

44. D The patient’s history and symptoms indicate that he was 
most likely suffering from a psychostimulant overdose. Co- 
caine and amphetamines have very similar physiological and 
psychological effects. Although the specific mechanisms of 
action are different, the final molecular action is quite simi- 
lar; that is, both can increase the availability of monoamines 
in the synaptic cleft of brain neurons. This explains why 
even experienced drug users cannot distinguish the effect 
of the two drugs when they are injected intravenously; the 
orgasm-like sensation is practically the same. The patient’s 
history, however, indicates that amphetamine was most likely 
the culprit drug, as the effects of amphetamine can last sev- 
eral hours, whereas the effects of cocaine generally last less 
than 1 hour. 

A See correct answer explanation. 

B, C, E, F These drugs do not cause the pattern of effects 
shown by the patient. 
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IV Cardiovascular and Renal Systems 


Questions: IV-1 Diuretics 


Directions for questions 1-5 

Match each diuretic with the appropriate description (each let- 
tered option can be selected once, more than once, or not at all). 

A. Acetazolamide 

B. Amiloride 
C Conivaptan 

D. Ethacrynic acid 

E. Indapamide 

F. Mannitol 

G. Spironolactone 

H. Triamterene 

Difficulty level: Easy 

1. This drug inhibits Na + reabsorption in the proximal tubule. 
Difficulty level: Easy 

2. This drug inhibits the synthesis of new Na + channels in the 
collecting duct. 

Difficulty level: Easy 

3. This drug causes an initial extracellular volume expansion in 
normal subjects. 

Difficulty level: Easy 

4 . This drug increases the renal reabsorption of Ca 2+ . 

Difficulty level: Easy 

5. This drug competitively blocks antidiuretic hormone re- 
ceptors. 

Difficulty level: Easy 

6 . A 56-year-old woman recently diagnosed with congestive 
heart failure started a therapy that included furosemide. Ac- 
etazolamide was added to counteract the potential metabolic 
alkalosis induced by furosemide. Which of the following mo- 
lecular actions most likely mediated the therapeutic effect of 
acetazolamide in this patient? 

A. Inhibition of carbonic acid dehydration in the tubular 
lumen 

B. Stimulation of bicarbonate reabsorption in the proximal 
tubule 

C Inhibition of Na + reabsorption in the early distal tubule 

D. Stimulation of H + reabsorption in the proximal tubule 

E. Stimulation of carbonic acid formation inside the tubular 
cells 


Difficulty level: Medium 

7 . A27-year-old woman with a history ofhigh altitude sickness 
was placed on prophylactic treatment with a diuretic drug 
prior to going on a hiking trip in the Rocky Mountains. Which 
of the following urine electrolyte profiles is most consistent 
with this drug treatment? 
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Note: +, increased; decreased; 0, negligible changes. 


A. Profile P 

B. Profile Q 
C Profile R 

D. Profile S 

E. Profile T 

Difficulty level: Medium 

8 . A 69-year-old depressed man with a 10-year history of glau- 
coma was admitted to the emergency department after he 
took several tablets of one of his medications in a suicide 
attempt. The patient was drowsy and complained of nausea, 
paresthesias, and tiredness. Physical examination revealed er- 
ythematous skin eruptions. Lab tests indicated hyperchlor- 
emic metabolic acidosis. Which of the following medications 
might have caused the patient’s symptoms? 

A. Mannitol 

B. Latanoprost 
C Timolol 

D. Acetazolamide 

E. Pilocarpine 
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Difficulty level: Hard 

9 . A55-year-old alcoholic man was admitted to the emergency 
department because of disorientation, amnesia, confusion, 
and bizarre behavior for the past 24 hours. His wife reported 
that the man was being treated for hypertension and for re- 
cently diagnosed glaucoma. Physical examination revealed a 
cachectic male in a confused mental state. His abdomen ap- 
peared tense with prominent veins and ascites, and a musty, 
pungent odor was noted in his breath. Neurologic signs in- 
cluded nystagmus, ataxia, and asterixis. Which of the follow- 
ing drugs most likely triggered the patient’s syndrome? 

A. Acetazolamide 

B. Nifedipine 
C Losartan 

D. Timolol 

E. Lovastatin 

Difficulty level: Easy 

10 . A 54-year-old woman recently diagnosed with open-angle 
glaucoma was prescribed topical timolol. Two weeks later, 
intraocular pressure was decreased but was still above the 
normal value. The ophthalmologist decided to add a topical 
drug that acts by decreasing aqueous humor production. 
Which of the following drugs was most likely prescribed as 
the second drug? 

A. Pilocarpine 

B. Carbachol 
C Latanoprost 

D. Dorzolamide 

E. Mannitol 

Difficulty level: Hard 

11 . A 1 5-year-old boy awoke with weakness and 1 hour later re- 
alized that he could not move his legs. The attack lasted 
about 2 hours but then disappeared without residual symp- 
toms. The boy was referred to a neurologic clinic, where the 
diagnosis of familial hypokalemic periodic paralysis was 
made. He was prescribed potassium chloride and a diuretic 
that is able to prevent the attacks in many cases. Which of 
the following drugs was most likely prescribed? 

A. Mannitol 

B. Hydrochlorothiazide 
C Ethacrynic acid 

D. Triamterene 

E. Acetazolamide 


Difficulty level: Medium 

12 . A67-year-old man was found to have a plasma calcium level 
of 12.2 mg/dL during a follow-up visit. The man had a 3 -year 
history of Hodgkin lymphoma. He was recently diagnosed 
with nephrolithiasis for which he had been treated with 
hydrochlorothiazide for the past 3 weeks. Which of the fol- 
lowing best explains the most likely mechanism of thiazide- 
induced hypercalcemia? 

A. Activation of the Na + /Ca 2+ exchanger in the distal tubule 

B. Increased Ca 2+ reabsorption in the proximal tubule 
C Decreased secretion of parathyroid hormone 

D. Decreased renal excretion of vitamin D 

E. Activation of Na + /K + /2C1“ symporter in the thick ascend- 
ing loop of Henle 

F. Increased glomerular filtration of Ca 2+ 

Difficulty level: Medium 

13 . A 67-year-old woman was found to have a plasma level of 
potassium 2.8 mEq/L (normal 3. 5-5.0 mEq/L) during a fol- 
low-up visit. The woman had been receiving hydrochloro- 
thiazide for 1 month to treat her recently diagnosed essential 
hypertension. Which of the following actions most likely 
contributed to the thiazide-induced increase in renal excre- 
tion of potassium? 

A. Increased Na + load in the lumen of the collecting tubule 

B. Blockade ofNa + /K + /2Cl“ cotransporter 

C Thiazide-induced decrease in renal secretion ofuric acid 

D. Stimulation of Na + /K + pump 

E. Decreased delivery of bicarbonate to the collecting duct 
Difficulty level: Hard 

14 . A52-year-old alcoholic man suffering from liver cirrhosis was 
admitted to the emergency department because of a 2-week 
history of nausea, vomiting, and lower abdominal cramps. 
Physical examination showed a tense abdomen with promi- 
nent veins, and 3+ ascites was noted by shifting dullness and 
a fluid wave. Adiagnosis of ascites was made, and an appro- 
priate therapy was started. Which of the following diuretics 
would be contraindicated for this patient? 

A. Ethacrynic acid 

B. Spironolactone 
C Acetazolamide 

D. Furosemide 

E. Triamterene 



Difficulty level: Hard 

15 . A76-year-old woman from a nursing home presented to the 
emergency department with a change in her mental state 
over the past few hours. She had a medical history of coronary 
artery disease and hypertension. Her medications included 
aspirin, captopril, lovastatin, and a diuretic. On physical ex- 
amination she showed decreased skin turgor, orthostatic 
hypotension, and disorientation to time, place, and person 
without focal neurologic deficits. Pertinent blood test results 
on admission were Na + 125 mEq/L, creatinine 2.7 mg/dL. 
Which of the following drugs most likely caused the patient’s 
syndrome? 

A. Captopril 

B. Spironolactone 
C Lovastatin 

D. Triamterene 

E. Acetazolamide 

F. Indapamide 

Difficulty level: Hard 

16 . A47-year-old woman suffering from metastatic breast can- 
cer was admitted to the emergency department because of 
persistent thirst and polyuria. Pertinent serum values on ad- 
mission were serum K + 2.8 mEq/L (normal 3. 5-5.0 mEq/L); 
Ca 16.2 mg/dL(normal 8.5-10.5 mg/dL); Na + 155 mEq/L(nor- 
mal 136-145 mEq/L). Urinalysis: specific gravity 1.001; os- 
molality 80 mOsm/L (range 50-1440 mOsm/L); chemistry 
and sediment negative. The patient was given a water depri- 
vation test: all fluids were withheld until serum osmolality 
increased into the hyperosmolar range (> 310), then 5 units 
of vasopressin were given subcutaneously. Results are shown 
in the following table. 



Urine Osmolality 
(mOsm/I) 

Serum Osmolality 
(mOsm/I) 

Onset of test 

80 

292 

Water deprivation 

82 

312 

After vasopressin 

84 

310 


Which ofthese drugs would be most appropriate to treat the 
patient’s condition? 

A. Desmopressin 

B. Hydrochlorothiazide 
C Demeclocycline 

D. Amiloride 

E. Furosemide 


Difficulty level: Medium 

17 . A 63-year-old man with a long history of heart failure was 
admitted to the emergency department because of severe 
dyspnea and edema in his legs, thighs, and lower abdominal 
wall. Pertinent lab results on admission included a glomeru- 
lar filtration rate of 20 ml?min. A diuretic with which of the 
following mechanism of action would be appropriate to re- 
lieve the edema in this patient? 

A. Blockade of Na + reabsorption in the proximal tubule 

B. Blockade of Na + channels in the collecting tubule 

C Blockade ofNa + /K + /2CLsymport in the loop ofHenle 

D. Inhibition of aldosterone actions in the collecting tubule 

E. Blockade of Na + /CU symport in the early distal tubule 

Difficulty level: Medium 

18 . A42-year-old obese woman was hospitalized because ofhy- 
pokalemia despite daily administration of a potassium sup- 
plement. Laboratory tests on admission revealed metabolic 
alkalosis. The patient admitted taking furosemide tablets in 
an effort to lose weight. Which of the following actions most 
likely contributed to furosemide-induced metabolic alkalo- 
sis in this patient? 

A. Increased reabsorption of uric acid 

B. Increased delivery of Na + to the distal tubule 
C Mild inhibition of carbonic anhydrase 

D. Decreased reabsorption of Ca 2+ in the loop ofHenle 

E. Inhibition of renin secretion 

Difficulty level: Hard 

19 . A78-year-old man from a nursing home was admitted to the 
emergency department because of a change in his mental 
state over the past few hours. He had a medical history of 
angina and hypertension presently treated with isosorbide 
mononitrate, losartan, and hydrochlorothiazide. Physical ex- 
amination showed a person with decreased skin turgor and 
disorientation to time and place without focal neurologic 
deficits. Blood pressure was 1 10/65 mm Hg on standing and 
140/88 mm Hg on lying. Pertinent blood tests on admission 
were Na + 116 mEq/L (normal 136-145 mEq/L); K + 3.1 mEq/L 
(normal 3. 5-5.0 mEq/L); uric acid 10.2 mg/dL (normal 3.0- 
8.2 mg/dL); creatinine 3.1 mg/dL(normal 0.6-1 .2 mg/dL). The 
physician thought that the syndrome was due to diuretic 
therapy. Which ofthe following drug-induced adverse effects 
most likely caused the patient’s signs and symptoms? 

A. Kidney insufficiency 

B. Hypokalemia 

C Hypovolemic hyponatremia 

D. Hyperuricemia 

E. Hypervolemic hyponatremia 



Difficulty level: Medium 

20 . A 66-year-old woman suffering from systolic cardiac failure 
was brought to the emergency department because of a sud- 
den onset of extreme dyspnea. She presented with cyanosis, 
tachypnea, hyperpnea, restlessness, anxiety, and a sense of 
suffocation. Cough was prominent and produced pink-tinged, 
frothy sputum. Pulse was thready and fast (120 bpm), blood 
pressure 80/45 mm Hg, and rales were audible at the lung 
bases. Which ofthe following drugs was most likely included 
in the immediate medical treatment of this patient? 

A. Hydrochlorothiazide 

B. Amiloride 
C Mannitol 

D. Epinephrine 

E. Furosemide 

F. Metoprolol 

Difficulty level: Hard 

21 . A 63-year-old woman was brought to the emergency de- 
partment because she had become more lethargic and unre- 
sponsive over the past several days. Her past medical history 
was significant for bone metastases from breast cancer. Phys- 
ical examination revealed a dehydrated, cachectic female 
responsive only to painful stimuli. Pertinent serum values 
were Na + 148 mEq/L (1 36-145 mEq/L); Ca 19.2 mg/dL(8.5- 
1 0.5 mg/dL). An intravenous saline infusion was started, and 
a diuretic was given concurrently. Which of the following 
diuretics was most likely administered? 

A. Acetazolamide 

B. Hydrochlorothiazide 
C Furosemide 

D. Amiloride 

E. Spironolactone 

Difficulty level: Medium 

22. A 64-year-old woman suffering from stage C heart failure 
had her diuretic medication changed because of a serious 
allergic reaction to furosemide. Which of the following di- 
uretics was most likely prescribed? 

A. Spironolactone 

B. Acetazolamide 
C Mannitol 

D. Ethacrynic acid 

E. Triamterene 

F. Indap amide 

Difficulty level: Easy 

23 . A49-year-old woman was admitted to the hospital because 
of generalized weakness, continuous nausea, and diarrhea. 


Bowel movements were frequent and watery. The patient’s 
own report was vague, but notes in the chart from other hos- 
pitals revealed that she had a very long history of laxative 
abuse. Blood test results on admission showed pronounced 
hypokalemia (K + 2.8 mEq/L). An appropriate therapy was 
started that included the administration of triamterene. 
Which ofthe following actions best explains the potassium- 
sparing effect of this drug? 

A. Enhancement of K + reabsorption in the proximal tubule 

B. Blockade of Na + channels in the collecting duct 

C Enhancement of K + reabsorption in the loop of Henle 

D. Blockade of aldosterone receptors in the collecting duct 

E. Blockade of Na + reabsorption in the proximal tubule 

Difficulty level: Medium 

24 . A 60-year-old man was admitted to the hospital because 
of symptoms of episodic weakness, polydipsia, and polyuria 
over the past 2 weeks. Vital signs on admission were blood 
pressure 136/95 mm Hg; heart rate 80 bpm; respirations 
13/min. Significant serum results on admission were K + 
3.1 mEq/L (normal 3. 5-5.0 mEq/L); aldosterone 45 ng/dL 
(normal 7-30 ng/dL). Acomputed tomography scan showed 
bilateral adrenal hyperplasia. Which of the following drugs 
was most likely included in the therapeutic regimen of this 
patient? 

A. Hydrochlorothiazide 

B. Mannitol 
C Furosemide 

D. Fenoldopam 

E. Nitroprusside 

F. Spironolactone 

Difficulty level: Medium 

25 . A54-year-old alcoholic man was admitted to the emergency 
department with a 2-week history of nausea, vomiting, and 
lower abdominal cramps. Physical examination revealed an 
afebrile, jaundiced, and cachectic male in moderate distress. 
The abdomen appeared very tense with prominent veins, and 
2+ ascites was noted by shifting dullness and a fluid wave. 
Pertinent serum values on admission were Na + 144 mEq/L 
(normal 136-145 mEq/L); K + 2.9 mEq/L (normal 3. 5-5.0 
mEq/L); bicarbonate 34 mEq/L(normal 22-28 mEq/L); albu- 
min 2.3 g/dL(normal 3. 3-4. 8 mEq/L). Which ofthe following 
diuretics would be the drug of choice for this patient? 

A. Indap amide 

B. Mannitol 

C Spironolactone 

D. Furosemide 

E. Triamterene 



Difficulty level: Easy 

26 . A 65-year-old patient was scheduled for surgery to remove 
a glioma located on his left parietal lobe. Which of the fol- 
lowing drugs would be most appropriately given before and 
after surgery to prevent increased intracranial pressure? 

A. Mannitol 

B. Hydrochlorothiazide 
C Triamterene 

D. Verapamil 

E. Propranolol 

Difficulty level: Easy 

27 . A 57-year-old Black woman, recently diagnosed with closed- 
angle glaucoma, was scheduled for iridotomy. Which of the 
following agents was most likely given intravenously before 
and after surgery to reduce intraocular pressure? 

A. Furosemide 

B. Triamterene 
C Mannitol 

D. Hydrochlorothiazide 

E. Homatropine 

F. Phenylephrine 

Difficulty level: Hard 

28 . A 52-year-old woman was admitted to the hospital with a 
1-week history of muscle cramps, lethargy, and confusion. 
Past history of the patient was significant for depression 
treated with amitriptyline. Vital signs on admission were 
blood pressure 134/82 mm Hg (with no significant changes 
upon standing); heart rate 85 bpm; respirations 14/min. 
Physical examination was unremarkable. Pertinent lab test 
results on admission were serum Na + 118 mEq/L (normal 
136-145 mEq/L); serum osmolality 220 mOsm/kg (normal 
275-295 mOsm/kg); urine osmolality 950 mOsm/kg (nor- 
mal 50-1400 mOsm/kg). A diagnosis was made, and an 
appropriate therapy was prescribed. Which of the following 
drugs was most likely included in the patient’s treatment? 

A. Mannitol 

B. Triamterene 
G Conivaptan 

D. Acetazolamide 

E. Hydrochlorothiazide 

F. Furosemide 


Difficulty level: Medium 

29 . A 69-year-old man was recently diagnosed with severe car- 
diac failure, and the physician started treatment with pro- 
pranolol, captopril, and digoxin. Diuretic therapy was also 
included. Which of the following pairs of diuretics would 
have been most appropriate for this patient? 

A. Hydrochlorothiazide and acetazolamide 

B. Furosemide and spironolactone 
C Triamterene and acetazolamide 

D. Hydrochlorothiazide and mannitol 

E. Furosemide and mannitol 

Difficulty level: Medium 

30 . A 63-year-old man was admitted to the emergency depart- 
ment because of a 12-hour history of dyspnea and brady- 
cardia. He was taking propranolol, captopril, furosemide, 
and amiloride because of a previous myocardial infarction, 
as well as ibuprofen for osteoarthritis. Physical examination 
showed the patient was in respiratory distress with the fol- 
lowing vital signs: blood pressure 150/86 mm Hg; heart rate 
40 bpm; respirations 20/min. A lab analysis was ordered. 
Which of the following substances was most likely increased 
in the patient’s serum? 

A. Sodium 

B. Calcium 
C Glucose 

D. Potassium 

E. Urea nitrogen 

F. Triglycerides 

Difficulty level: Easy 

31 . A 32-year-old woman suffering from idiopathic hypercal- 
ciuria was diagnosed with a large urinary stone in the right 
renal pelvis. She was scheduled for surgical removal of the 
calculus. Which ofthe following drugs would be appropriate 
for this patient to prevent new stone production after the 
operation? 

A. Acetazolamide 

B. Hydrochlorothiazide 
C Furosemide 

D. Triamterene 

E. Spironolactone 



Difficulty level: Hard 

32. In a phase 1 clinical trial, the same dose of four new diuretics 
(P, Q, R, and S) was given intravenously to a healthy volun- 
teer on four separate occasions. Lab studies had shown that 
all drugs were acidic molecules that were able to block the 
Na + /CL cotransporter in the early distal tubule with the same 
affinity. They had about the same plasma protein binding 
levels and were not metabolized in the body. The acid disso- 
ciation constant (p^ a ) levels of the drugs were 

P = 3.5 

Q = 7.2 

R= 5.1 

S = 10.1 


Which of the following drugs most likely produced the great 
est increase in diuresis in the subject? 

A. Drug P 

B. Drug Q 
C Drug R 

D. Drug S 


Questions: IV-2 Drugs for Ischemic Heart Disease 


Directions for questions 1-4 

Match each antianginal drug with the appropriate description 
(each lettered option can be selected once, more than once, or not 
at all). 

A. Amyl nitrite 

B. Diltiazem 

C Isosorbide mononitrate 

D. Metoprolol 

E. Nifedipine 

F. Nicardipine 

G. Nitroglycerin 

H. Verapamil 

Difficulty level: Easy 

1. This drug is sometimes used to treat cyanide toxicity. 
Difficulty level: Easy 

2. This drug has no therapeutic effect on variant angina. 
Difficulty level: Easy 

3. This drug has a good transdermal bioavailability. 

Difficulty level: Easy 

4 . This drug has high affinity for calcium channels of cerebral 
vessels. 


Difficulty level: Easy 

5 . A 55-year-old woman recently diagnosed with variant angina 
started treatment with isosorbide mononitrate and diltiazem. 
Which of the following actions most likely mediated the ther- 
apeutic effect of nitrates in the patient’s disease? 

A. Increased left ventricular end-diastolic volume 

B. Increased blood flow in large epicardial vessels 
C Increased heart rate 

D. Decreased diastolic perfusion time 

E. Increased cardiac contractility 

Difficulty level: Medium 

6. A59-year-old man recently diagnosed with exertional angina 
started treatment with verapamil, one tablet daily. Which of 
the following cardiac and smooth muscle Ca 2+ channels is 
most likely the main site of action of this drug? 

A. Ligand-gated channels in cell membranes 

B. Store-operated channels in mitochondria 

C Voltage-gated channels in the sarcoplasmic reticulum 

D. Voltage-gated channels in cell membranes 

E. Ligand-gated channels in the sarcoplasmic reticulum 

Difficulty level: Easy 

7 . A 57-year-old man complained of dizziness and palpitations 
shortly after taking a tablet of his prescribed medication. The 
man was recently diagnosed with variant angina for which he 
had started an appropriate therapy 4 days earlier. Which of the 
following actions most likely caused the patient’s symptoms? 

A. Coronary vasodilation 

B. Decreased total peripheral resistance 
C Increased venous return to the heart 

D. Decreased myocardial contractility 

E. Coronary steal phenomenon 



Difficulty level: Medium 

8. A47-year-old man recently diagnosed with exertional angina 
started treatment with sublingual nitroglycerin, as needed, 
and oral isosorbide mononitrate. Which of the following is 
a potential detrimental effect of nitrates in the prophylactic 
treatment of exertional angina? 

A. Decreased ejection time 

B. Increased cardiac rate 

C Increased capacitance of systemic veins 

D. Decreased arterial pressure 

E. Increased ventricular end-diastolic volume 

Difficulty level: Medium 

9 . A 58-year-old man complained to his physician of severe 
chest pain when he walked rapidly despite the therapy he 
had carefully followed for 3 weeks. The man was recently 
diagnosed with exertional angina and had started treatment 
with transdermal nitroglycerin and atenolol. The physician 
decided to add a drug and prescribed diltiazem. Which of the 
following effects was most likely common to all the drugs 
the patient was taking? 

A. Decreased cardiac rate 

B. Increased cardiac contractility 
C Decreased arterial pressure 

D. Decreased left ventricular end-diastolic volume 

E. Increased ejection time 

Difficulty level: Hard 

10 . A 51-year-old man was admitted to the hospital in acute 
distress with extreme dyspnea, restlessness, and anxiety. 
The patient had been suffering from chronic heart failure 
for 3 years. Vital signs were blood pressure 1 1 5/90 mm Hg, 
pulse 120 bpm, respirations 22/min. A chest x-ray done im- 
mediately showed marked interstitial edema. An appropri- 
ate therapy was started that included an intravenous infusion 
of nitroglycerin. Which of the following actions most likely 
mediated the therapeutic effect of the drug in the patient’s 
disorder? 

A. Decreased ventricular end diastolic volume 

B. Reflex increase in heart rate 

G Reflex increase in cardiac contractility 

D. Decreased ventricular ejection time 

E. Decreased afterload 

F. Decreased platelet aggregation 


Difficulty level: Hard 

11 . A 48-year-old man was brought to the emergency depart- 
ment because of severe chest pain that had been ongoing 
for over 3 hours. The man had been suffering from chronic 
stable exertional angina for 1 year and from duodenal ulcer 
for 3 months. His current medication included isosorbide 
mononitrate and verapamil for angina and famotidine for 
duodenal ulcer. One week earlier, the patient stopped the 
antianginal medications because he had not had anginal at- 
tacks during the past month. Which of the following events 
most likely triggered the patient’s present chest pain? 

A. Chronic progression of ischemia uncovered by discon- 
tinuing therapy 

B. Famotidine-induced inhibition of verapamil metabolism 
C Abrupt withdrawal from nitrate therapy 

D. Famotidine-induced inhibition ofisosorbide mononitrate 
metabolism 

E. Reflex tachycardia due to nitrate therapy 
Difficulty level: Medium 

12 . A 48-year-old woman presented to the clinic because of 
chest pain on exertion for the past 2 days. Physical examina- 
tion showed a woman in no apparent distress. Physical signs 
were blood pressure 105/60 mm Hg, pulse 85 bpm, respira- 
tions 15 breaths/min. Cardiac auscultation revealed a regu- 
lar rhythm with no abnormal cardiac sounds or murmurs. 
An electrocardiogram after exercise stress testing confirmed 
the diagnosis of exertional angina, and therapy with sublin- 
gual nitroglycerin and isosorbide mononitrate was started. 
Which of the following adverse effects would be most likely 
to occur in this patient? 

A. Cough and wheezing 

B. Postural hypotension 
C Reflex bradycardia 

D. Methemoglobinemia 

E. Diarrhea 

F. Venous thrombosis 

Difficulty level: Medium 

13 . A46-year-old man complained to his physician ofinsomnia, 
nightmares, fatigue, diminished libido, and blanching of the 
fingers when exposed to cold. The man, recently diagnosed 
with exertional angina, had been taking an antianginal drug 
for 1 month. Which ofthe following drugs most likely caused 
the patient’s symptoms? 

A. Propranolol 

B. Isosorbide mononitrate 
C Nitroglycerin 

D. Nifedipine 

E. Verapamil 



Difficulty level: Medium 

14 . A 47-year-old man complained to his physician that he ex- 
perienced mild angina attacks during exertion. The patient, 
recently diagnosed with exertional angina, had started a 
therapy with a transdermal nitroglycerin preparation 2 weeks 
previously. He carefully applied a new patch every morning 
immediately after removing the old one. Anginal attacks had 
disappeared completely during the first week of therapy but 
were back thereafter. Which of the following best explains 
the reason for his anginal episodes? 

A. Vasospastic angina complicating the exertional angina 

B. Cellular tolerance to nitroglycerin 

C Increased metabolism of nitroglycerin 

D. Insufficient original nitroglycerin dosage 

E. Decreased absorption of nitroglycerin from the skin 

Difficulty level: Hard 

15 . A 54-year-old man had been diagnosed recently with vari- 
ant angina. The patient had been suffering from a cerebellar 
astrocytoma for 2 years and from a second-degree atrioven- 
tricular block for 1 year. Which of the following antianginal 
drugs would be appropriate for this patient? 

A. Isosorbide mononitrate 

B. Diltiazem 
C Verapamil 

D. Nifedipine 

E. Propranolol 

Difficulty level: Hard 

16 . A 55-year-old woman complained to her physician of palpi- 
tations, flushing of the face, and vertigo. The woman, suffer- 
ing from diabetes mellitus, was giving herself three daily 
doses ofinsulin. She had been recently diagnosed with exer- 
tional angina for which nitrate therapy was started with 
transdermal nitroglycerin and oral isosorbide mononitrate. 
After 3 weeks of therapy, her anginal attacks were less fre- 
quent but not completely prevented. Which of the follow- 
ing would be an appropriate next therapeutic step for this 
patient? 

A. Reduce the dosage of both nitrates 

B. Add propranolol 
C Add nifedipine 

D. Stop isosorbide mononitrate 

E. Add diltiazem 

Difficulty level: Easy 

17 . A77-year-old woman was brought to the emergency depart- 
ment with an acute myocardial infarction (MI). Six months 
ago, she suffered from an MI and began taking propranolol, 
aspirin, and lovastatin. Her current medications also included 
captopril and hydrochlorothiazide for hypertension. Two days 


ago, she became nauseous and vomited, and she stopped tak- 
ing all her medications. The abrupt withdrawal from which 
of the following drugs most likely triggered the recent MI? 

A. Aspirin 

B. Propranolol 
C Lovastatin 

D. Captopril 

E. Hydrochlorothiazide 

Difficulty level: Medium 

18 . A 48-year-old man was brought to the emergency depart- 
ment with an acute myocardial infarction (MI). The man reg- 
ularly used sildenafil in preparation for sexual intercourse 
because of an erectile dysfunction. He had recently been di- 
agnosed with exertional angina, and he had been taking an 
appropriate prescribed therapy. Which of the following drugs 
most likely caused the patient’s MI? 

A. Propranolol 

B. Nitroprusside 
C Nitroglycerin 

D. Nifedipine 

E. Verapamil 

Difficulty level: Hard 

19 . A 54-year-old man complained to his physician of palpita- 
tions, facial flushing, and vertigo. The man had been suffer- 
ing from gastroesophageal reflux disease for 3 years. Two 
week earlier, he was diagnosed with exertional angina and 
started the prescribed therapy. Which of the following drugs 
most likely caused the patient’s symptoms? 

A. Propranolol 

B. Verapamil 
C Diltiazem 

D. Nitroglycerin 

E. Nifedipine 

Difficulty level: Medium 

20 . A 50-year-old woman was admitted to the hospital with a 
3-week history of early morning chest pain that caused her 
to awaken from sleep. The pain lasted 10 to 15 minutes and 
frequently radiated to her left arm . An exercise tolerance test 
failed to elicit precordial pain. A diagnosis of angina was 
made, and she was discharged from the hospital with a pre- 
scription for nifedipine. Which of the following actions most 
likely mediated the therapeutic effect of the drug in the pa- 
tient’s disease? 

A. Decreased preload 

B. Decreased afterload 

G Increased myocardial contractility 

D. Increased heart rate 

E. Decreased coronary vascular tone 



Difficulty level: Hard 

21 . A53-year-old man was taken to the emergency department 
because of dizziness and chest discomfort that apparently 
had been ongoing for over 5 hours. His vital signs were blood 
pressure 165/100 mm Hg, heart rate 50 bpm, respirations 
22/min. Physical examination revealed signs of severe pul- 
monary congestion, and an electrocardiogram was consistent 
with an anterior acute myocardial infarction. An appropriate 
therapy was instituted that included an intravenous infusion 
of which of the following drugs? 

A. Epinephrine 

B. Metoprolol 
C Nitroglycerin 

D. Verapamil 

E. Nifedipine 

Difficulty level: Easy 

22 . A 65-year-old man suddenly collapsed in the dining room 
of his home. Upon arrival by ambulance at the emergency 
department, he regained consciousness and complained of a 
severe headache. Physical examination was significant for a 
stiff neck and mild mental confusion. A computed tomogra- 
phy scan revealed blood in the subarachnoid space. Which of 
the following drugs would be appropriate to prevent delayed 
cerebral ischemia in this patient? 

A. Verapamil 

B. Isosorbide mononitrate 
C Propranolol 

D. Dobutamine 

E. Nicardipine 

F. Clonidine 

Difficulty level: Easy 

23 . A 53-year-old man diagnosed with exertional angina was 
prescribed inhaled nitroglycerin and oral isosorbide mono- 
nitrate. Which of the following molecular actions most likely 
mediated the therapeutic efficacy of these drugs in the pa- 
tient’s disease? 

A. Conversion of nitrite ions into nitrous oxide (N 2 0) 

B. Increased intracellular Ca 2+ concentration 

G Dephosphorylation of the myosin light chain 

D. Decreased synthesis of guanylyl cyclase 

E. Phosphorylation of myosin light chain kinase 


Difficulty level: Hard 

24 . A 59-year-old man was recently diagnosed with exertional 
angina. The patient, who was a heavy smoker, had been suf- 
fering from chronic obstructive pulmonary disease for 15 
years and from gastroesophageal reflux disease for 3 years. 
Which of the following drugs would be appropriate to pre- 
vent anginal attacks in this patient? 

A. Propranolol 

B. Verapamil 
G Diltiazem 

D. Isosorbide mononitrate 

E. Nifedipine 

Difficulty level: Medium 

25. A 47-year-old man recently diagnosed with exertional an- 
gina started treatment with transdermal nitroglycerin and 
oral propranolol. Which of the following was most likely a 
purpose for the combination therapy in this case? 

A. To enhance nitrate-induced coronary vasodilation 

B. To prevent nitrate-induced tachycardia 

G To prevent nitrate-induced decrease in arterial pressure 

D. To enhance propranolol-induced decrease in cardiac rate 

E. To enhance propranolol-induced decrease in cardiac 
contractility 

Difficulty level: Easy 

26 . A 50-year-old man was discharged from the hospital after 
recovery from an acute myocardial infarction. His postdis- 
charge medications included propranolol. How long should 
the patient continue to take this drug? 

A. Three months 

B. Six months 
G One year 

D. Two years 

E. Indefinitely 

Difficulty level: Medium 

27 . A 46-year-old man complained to his family physician of 
throbbing headaches and severe constipation. The man, 
recently diagnosed with exertional angina, had started an 
antianginal treatment 2 weeks ago. Which of the following 
pairs of drugs was he most likely taking? 

A. Verapamil and isosorbide mononitrate 

B. Nitroglycerin and isosorbide mononitrate 
G Nitroglycerin and propranolol 

D. Propranolol and isosorbide mononitrate 

E. Propranolol and verapamil 



Difficulty level: Easy 

28 . A 24-year-old man complained to his family physician of 
episodes of precordial pain precipitated by exertion and re- 
lieved by rest. The man had been recently diagnosed with 
hypertrophic cardiomyopathy. Which of the following pairs 
of drugs would be appropriate for this patient? 

A. Isosorbide mononitrate and nifedipine 

B. Nitroglycerin and captopril 
C Nitroglycerin and verapamil 

D. Verapamil and metoprolol 

E. Nifedipine and captopril 

F. Isosorbide mononitrate and metoprolol 

Difficulty level: Easy 

29 . A 48-year-old man presented to the hospital with a 5-day 
history of burning pain in his right hand and arm. The pain 
occurred mainly when he was using his hands at work and 
was accompanied by the middle fingers of his right hand 
turning cold and somewhat blue. The man was a construc- 
tion worker and frequently used vibrating machinery. Sev- 
eral white splotches appeared when the hand was placed in 

Questions: IV- 3 Drugs for Cardiac Failure 

Directions for questions 1-5 

Match each drug used in cardiac failure with the appropriate de- 
scription (each lettered option can be selected once, more than 
once, or not at all). 

A. Captopril 

B. Digoxin 

C Dobutamine 

D. Furosemide 

E. Losartan 

F. Milrinone 

G. Nesiritide 

H. Propranolol 

I. Spironolactone 

Difficulty level: Easy 

1. This drug can cause peripheral vasodilation by blocking phos- 
phodiesterase type 3. 

Difficulty level: Easy 

2 . This drug can increase the synthesis of cyclic adenosine mo- 
nophosphate (cAMP) in the heart. 

Difficulty level: Easy 

3 . The chronic use of this aldosterone antagonist can reduce 
mortality in patients with severe heart failure. 


cold water, and tingling was felt in the hand. Which of the 
following drugs would be appropriate to treat the patient’s 
disorder? 

A. Nitroprusside 

B. Albuterol 
C Nifedipine 

D. Clonidine 

E. Labetalol 

F. Fenoldopam 

Difficulty level: Medium 

30 . A43-year old man was admitted to the hospital with a myo- 
cardial infarction (MI) and was started on a therapy that in- 
cluded atenolol. Which of the following actions most likely 
contribute to mortality reduction obtained by (3-blockers 
in MI? 

A. Increased myocardial oxygen supply 

B. Decreased atrioventricular conduction 
C Decreased myocardial remodeling 

D. Increased systemic vascular resistance 

E. Increased left ventricular end-diastolic pressure 


Difficulty level: Easy 

4 . This drug can cause peripheral vasodilation by increasing the 
synthesis of cyclic guanosine monophosphate (cGMP). 

Difficulty level: Easy 

5. This drug can increase central parasympathetic firing. 
Difficulty level: Easy 

6. A 68-year-old man recently diagnosed with stage C heart fail- 
ure started a treatment with metoprolol, losartan, furosemide, 
and digoxin. Which of the following molecular actions most 
likely mediated the positive inotropic action of digoxin? 

A. Closing of calcium channels in cardiac cell membranes 

B. Increased release of Ca 2+ from the sarcoplasmic reticulum 
during systole 

C Activation ofNa + /K + ATPase 

D. Activation of the Ca 2+ /Na + exchanger in cardiac cell 
membranes 

E. Opening of K + channels in cardiac cell membranes 



Difficulty level: Medium 

7 . A 57-year-old man suffering from persistent atrial fibrilla- 
tion started a treatment with digoxin, one tablet daily. Which 
of the following types of receptors most likely mediated the 
therapeutic effect of the drug in this patient? 

A. Beta-2 adrenergic 

B. M 0 cholinergic 
C D 1 dopaminergic 

D. Serotoninergic 

E. Nm cholinergic 

Difficulty level: Easy 

8. A 57-year-old woman suffering from persistent atrial flutter 
started a treatment with digoxin. Which of the following 

cardiac actions most likely occurred during the therapy? 

A. Increased end-systolic volume 

B. Decreased abnormal cardiac automaticity 
C Decreased diastolic time 

D. Increased atrial refractoriness 

E. Decreased heart rate 

Difficulty level: Easy 

9 . A 61-year-old man recently diagnosed with stage C heart 
failure was admitted to the hospital for evaluation. It was 
found that he had an ejection fraction of 30%at rest. Atreat- 
ment that included digoxin was started. Which of the fol- 
lowing cardiovascular parameters did digoxin most likely 
increase in this patient? 

A. Stroke volume 

B. Total peripheral resistance 

G Oxygen consumption of the heart 

D. End-diastolic volume 

E. Heart rate 

Difficulty level: Medium 

10 . A42-year-old man was admitted to the emergency depart- 
ment in acute distress with breathlessness, markedly dis- 
tended neck veins, and atrial fibrillation. His blood pressure 
was 100/90 mm Hg, pulse 120 bpm. An echocardiogram 
revealed an ejection fraction of 35% Treatment was started 
with furosemide, captopril, and digoxin. In this patient, di- 
goxin most likely decreased which of the following cardio- 
vascular parameters? 

A. Stroke volume 

B. End-systolic volume 
C End-diastolic volume 

D. Systolic pressure 

E. Pulse pressure 


Difficulty level: Medium 

11 . A68-year-old woman recently diagnosed with stage Cheart 
failure started a treatment with digoxin. Knowing that di- 
goxin has a clearance of about 7 L/h and an oral bioavailabil- 
ity of about 70% which ofthe following doses (in milligrams) 
was most likely given to achieve a mean steady-state plasma 
concentration of 1 pg/L? 

A. 1.4 

B. 0.125 
C 0.24 

D. 2.0 

E. 0.5 

F. 2.4 

Difficulty level: Easy 

12 . A 63-year-old man complained to his physician of nausea, 
vomiting, and a visual sensation of green-yellow halos around 
bright objects. The man, recently diagnosed with cardiac fail- 
ure and atrial fibrillation, had started an appropriate treat- 
ment 2 weeks earlier. Which of the following drugs most 
likely caused the patient’s symptoms? 

A. Verapamil 

B. Propranolol 
C Digoxin 

D. Lidocaine 

E. Furosemide 

F. Captopril 

Difficulty level: Hard 

13 . A 63-year-old woman was found to have a third-degree 
atrioventricular block. The woman, who had been suffer- 
ing from stage Cheart failure, had been receiving captopril, 
furosemide, and digoxin for 2 months, and the disease was 
well controlled. The physician believed that the block was 
due to digoxin therapy. Which of the following would be an 
appropriate therapeutic adjustment for this patient? 

A. Discontinue digoxin and start milrinone 

B. Add physostigmine and decrease the digoxin dose 
C Add atropine and decrease the digoxin dose 

D. Discontinue digoxin and start metoprolol 

E. Add dobutamine and decrease the digoxin dose 

F. Discontinue digoxin and start losartan 



Difficulty level: Medium 

14 . A54-year-old woman presented to the clinic complaining of 
palpitations. One month earlier, the woman was diagnosed 
with stage Cheart failure and started treatment with metop- 
rolol, digoxin, and captopril. Her medications also included 
estrogen and a calcium supplement for postmenopausal 
osteoporosis. The patient’s vital signs were blood pressure 
145/90, pulse 130 bpm. An electrocardiogram showed ven- 
tricular tachycardia. Significant plasma levels on admission 
were K + 5.8 mEq /L, Ca 2+ 12.2 mEq /L, creatinine 3.5 mg/dL. 
Which of the following events most likely triggered the pa- 
tient’s arrhythmia? 

A. Metoprolol-induced decrease in cardiac contractility 

B. Increased serum K + level 

C Captopril-induced vasodilation 

D. Increased serum Ca 2+ level 

E. Estrogen-induced hypertension 

Difficulty level: Medium 

15 . A 61-year-old alcoholic man was admitted to the hospital 
with a 2-day history of epigastric pain associated with nau- 
sea and vomiting. The man had been suffering from systolic 
heart failure for 1 year, and his disease was well controlled 
with captopril, furosemide, and digoxin. Pertinent serum 
data on admission were K + 2.8 mEq/C creatinine 3.2 mg/dL. 
An electrocardiogram showed a heart rate of 65 bpm with 
occasional premature ventricular contractions and runs of 
bigeminy. Which of the following would be an appropriate 
therapeutic adjustment for this patient? 

A. Add potassium supplementation and reduce the di- 
goxin dose 

B. Add atropine and reduce the digoxin dose 

C. Increase the furosemide dose and reduce the digoxin 
dose 

D. Discontinue digoxin and start losartan 

E. Discontinue digoxin and start milrinone 

Difficulty level: Medium 

16 . A 72-year-old man was admitted to the hospital because of 
anuria. The man had a long history of severe systolic cardiac 
failure and chronic obstructive pulmonary disease. Shortly 
after admission, the patient started vomiting, then became 
agitated, verbally abusive, and disoriented in space and time. 
He was telling the nurse that he heard loud voices cursing 
him. An electrocardiogram showed atrial tachycardia with 
atrioventricular block. Which of the following drugs most 
likely caused the patient’s symptoms? 


A. Captopril 

B. Digoxin 

C Ipratropium 

D. Metoprolol 

E. Ethacrynic acid 

F. Albuterol 

Difficulty level: Medium 

17 . A65-year-old woman presented to the hospital with a chief 
complaint of palpitations. The woman was suffering from 
stage Cheart failure and had been receiving digoxin, furose- 
mide, and losartan for 6 months. Laboratory data on admis- 
sion included potassium 3.9 mEq/L (normal 3. 5-5.0 mEq/L), 
calcium 9.2 mg/dL(normal 8.5-10.5 mg/dL), magnesium 2.5 
mEq/L(normal 1 .5-2.0 mEq/L), total thyroxine (T 4 ) 42 ng/mL 
(normal 50-1 1 0 ng/mL), thyroid-stimulating hormone (TSH) 
15 mlU/mL (normal 0.5-5 .5 mlU/mL). An electrocardiogram 
showed junctional tachycardia, which, according to her phy- 
sician, was most likely due to digoxin treatment. Which of 
the following pathologic conditions most likely increased 
the risk of digoxin toxicity in this patient? 

A. Hypermagnesemia 

B. Hyperaldosteronism 
C Hyperparathyroidism 

D. Concomitant furosemide treatment 

E. Hypothyroidism 

Difficulty level: Easy 

18 . A 65-year-old man was brought to the emergency depart- 
ment in acute distress. He was agitated, incoherent, disori- 
ented in time and space, and seemed to be hallucinating. The 
patient had been suffering from severe chronic cardiac fail- 
ure for 2 years, and his wife reported that she had found an 
empty bottle of digoxin tablets near her husband’s bed. Vital 
signs were blood pressure 100/50 mm Hg, heart rate 45 bpm. 
An emergency treatment was instituted, and a drug was 
given intravenously. Which of the following drugs was most 
likely administered? 

A. Lidocaine 

B. Atropine 
C Phenytoin 

D. Potassium chloride 

E. Digoxin antibodies 

F. Amiodarone 



Difficulty level: Medium 

19 . A73-year-old man complained to his physician ofincreasing 
fatigue and shortness ofbreath that was often worse at night, 
forcing him to “sit bolt upright.” He also noticed that his feet 
were getting swollen. Past history was unremarkable. Vital 
signs were blood pressure 150/90, respirations 17/min. On 
examination, mild pitting edema was seen on the legs. An 
electrocardiogram disclosed a second-degree atrioventricu- 
lar block. His physician diagnosed initial cardiac failure and 
prescribed an appropriate therapy. Which of the following 
drugs would be contraindicated for this patient? 

A. Captopril 

B. Hydrochlorothiazide 
C Digoxin 

D. Losartan 

E. Furosemide 

F. Spironolactone 

Difficulty level: Hard 

20 . A62-year-old woman was admitted to the hospital complain- 
ing of nausea, mental confusion, dizziness, and palpitations. 
The woman, suffering from hypertension and recurrent atrial 
fibrillation, had been receiving hydrochlorothiazide, capto- 
pril, and digoxin for several months. One week ago, she started 
erythromycin and ibuprofen for an acute upper respiratory 
tract infection. Which of the following events most likely 
caused the patient’s symptoms? 

A. Hydrochlorotiazide-induced hypokalemia 

B. Erythromycin-induced increase in digoxin oral bio- 
availability 

C Hydrochlorotiazide-induced hypocalcemia 

D. Captopril-induced decrease in digoxin clearance 

E. Ibuprofen-induced decrease in digoxin clearance 

Difficulty level: Medium 

21 . A 62-year-old man was seen at a clinic because of nausea, 
vomiting, diarrhea, dizziness, and confusion for 8 hours. The 
man, suffering from systolic heart failure, had been receiving 
captopril, digoxin, and furosemide for 8 months. A few days 
earlier, his physician added amiodarone to the therapy be- 
cause of the appearance of multifocal premature ventricular 
beats. Which of the following would be the most plausible 
explanation of the patient’s symptoms? 

A. Captopril-induced hyperkalemia 

B. Amiodarone-induced increase in digoxin plasma levels 
C Amiodarone-induced decrease in atrioventricular con- 
duction 

D. Furosemide-induced increase in diuresis 

E. Furosemide-induced hyperuricemia 


Difficulty level: Easy 

22 . A 52-year-old man complained to his physician of diarrhea, 
palpitations, and blurred vision. Five days earlier, the man 
was diagnosed with stage C systolic heart failure and started 
a treatment with captopril, atenolol, and a standard dose of 
digoxin. Past history was significant for hereditary nephro- 
genic diabetes insipidus, presently controlled by hydrochlo- 
rothiazide (100 mg daily). Which of the following condi- 
tions could have facilitated the appearance of the patient’s 
symptoms? 

A. Advanced age 

B. Thiazide treatment 

C Hypernatremia due to water depletion 

D. Decreased clearance of digoxin 

E. Worsening of the heart failure 

Difficulty level: Easy 

23. A 61-year-old man recently diagnosed with stage C heart 
failure started a treatment that included digoxin. Which of 
the following cardiovascular parameters was most likely 
increased after few days of therapy? 

A. Cardiac reserve 

B. Coronary vasoconstriction 
C Oxygen consumption 

D. End-diastolic volume 

E. Heart rate 

Difficulty level: Easy 

24 . A 66-year-old man with a long history of heart failure was 
admitted to the hospital because of a heart failure exacer- 
bation. His current medications included furosemide, cap- 
topril, and carvedilol. On admission, the patient showed the 
following hemodynamic profile: blood pressure 100/60 mm 
Hg, pulse 1 1 8/min, cardiac output 2.6 Dmin. Physical exam- 
ination confirmed the diagnosis of acute heart failure, and 
an intravenous infusion of milrinone was started. Which of 
the following molecular events most likely mediated the 
positive inotropic action of the drug? 

A. cAMP-mediated increase in cardiac intracellular Ca 2+ 
levels 

B. cGMP -mediated dephosphorylation of the myosin light 
chain 

C Opening of K + channels in cardiac cell membranes 

D. Increased binding of Ca 2+ to calmodulin 

E. Activation of the 1 Ca 2+ /3Na + antiport 



Difficulty level: Medium 

25 . A 61-year-old man presented to the hospital with short- 
ness of breath, decreased exercise capacity, and distended 
neck veins. The man had a history of severe hypertension 
currently treated with hydrochlorothiazide and captopril. 
Despite the treatment, his blood pressure was still 170/1 10. 
After physical examination and laboratory tests, a diagnosis 
of diastolic cardiac failure was made. Which of the following 
would be a useful drug to add to the patient’s therapeutic 
regimen? 

A. Metoprolol 

B. Digoxin 

C Dobutamine 

D. Milrinone 

E. Phenylephrine 

F. Mannitol 

Difficulty level: Hard 

26 . A22-year-old previously healthy woman was brought to the 
emergency room because she had collapsed while jogging. 
She denied orthopnea, paroxysmal nocturnal dyspnea, chest 
pain, or edema. Her younger brother was known to have had 
two episodes of syncope after exertion. An electrocardio- 
gram indicated left ventricular hypertrophy, and an echocar- 
diogram showed a normal ejection fraction and asymmetric 
septal hypertrophy. Which of the following drugs would be 
most appropriate for this patient? 

A. Prazosin 

B. Atenolol 
C Digoxin 

D. Nitroglycerin 

E. Furosemide 

Difficulty level: Hard 

27 . A60-year-old man was admitted to the cardiac unit because 
of progressive, debilitating symptoms of cardiac failure that 
had confined him to bed for the past month. The man had 
a 2-year history of chronic cardiac failure that was symp- 
tomatic despite treatment with maximal doses of furosemide, 
enalapril, metoprolol, and digoxin. Physical examination 
showed significant jugular venous distention, warm and wet 
skin, bilateral rales, and hepatomegaly. The hemodynamic 
profile was blood pressure 100/66 mm Hg, heart rate 105 
bpm, central venous pressure 23 mm Hg, cardiac output 
3.9. l?min. Furosemide and dopamine were given intrave- 
nously, but 15 minutes later, the central venous pressure 
was still 20 mm Hg. Another drug was given intravenously. 
Which of the following drugs would be most appropriate for 
the patient at this time? 


A. Digoxin 

B. Norepinephrine 
C Lidocaine 

D. Nesiritide 

E. Verapamil 

F. Losartan 

Difficulty level: Medium 

28 . A 67-year-old man was admitted to the coronary unit with 
an acute inferior myocardial infarction. Despite the initial 
therapy, his condition deteriorated, and 2 hours after ad- 
mission, he had the following hemodynamic profile: blood 
pressure 94/50, cardiac output 2.9 17mm, cardiac index 1.5 
Dmin/m 2 (normal 2. 6-4 .2 l?min/m 2 ). An intravenous infu- 
sion of dobutamine was started. Which of the following ac- 
tions most likely mediated the positive inotropic action of 
dobutamine? 

A. Inhibition of phosphodiesterase 

B. Protein kinase-mediated increase in cytoplasmic Ca 2+ 
availability 

C. Inhibition of the Ca 2+ /Na + exchanger in cardiac cell 
membrane 

D. Activation of phospholipase A 2 

E. Inhibition ofNa + /K + ATPase in cardiac cell membranes 
Difficulty level: Easy 

29 . A68-year-old man was diagnosed with systolic heart failure 
with normal ejection fraction and normal sinus rhythm at 
rest. A treatment with captopril was started. Which of the 
following actions most likely mediated the therapeutic effect 
of captopril in this patient? 

A. Increased cardiac contractility 

B. Reduction of angiotensin-mediated vasoconstriction in 
the kidney 

C Reduction of preload and afterload 

D. Stimulation of epinephrine release from adrenergic 
nerves 

E. Stimulation ofbradykinin metabolism 
Difficulty level: Medium 

30. A 52-year-old woman was discharged from the hospital after 
recovery from an acute MI. Her postdischarge medications 
included captopril. Which of the following actions most 
likely contributes to mortality reduction obtained by the use 
of angiotensin-converting enzyme (ACE) inhibitors in MI? 

A. Decreased cardiac contractility 

B. Increased preload 

C Coronary vasodilation 

D. Decreased ventricular automaticity 

E. Reduction of myocardial remodeling 



Difficulty level: Medium 

31 . A 58-year-old man presented to a clinic with the chief com- 
plaint of increasing shortness of breath and a 10-lb weight 
gain over the past 2 weeks. Physical examination revealed a 
dyspneic and cyanotic male with the following vital signs: 
blood pressure 135/100 mm Hg, pulse 125 bpm, respirations 
22/min. His liver was enlarged, and pitting edema was seen 
on the legs. A Doppler echocardiogram showed an ejection 
fraction of 35% An appropriate drug therapy was started 
that included metoprolol. Which of the following actions 
most likely contribute to the therapeutic effect of metopro- 
lol in this patient? 

A. Increased renin secretion 

B. Decreased preload 

C Prevention of chronic sympathetic overactivity 

D. Increased myocardial remodeling 

E. Downregulation of cardiac (3 receptors 

Difficulty level: Medium 

32 . A 58-year-old African-American man diagnosed with stage 
B systolic heart failure started a treatment that included a 
hydralazine/isosorbide dinitrate combination. Which of the 
following actions most likely mediated the therapeutic ef- 
fect of the drug in the patient’s disease? 

A. Increased cardiac contractility 

B. Reduction of angiotensin II secretion 
C Reduction of preload and afterload 

D. Inhibition of sympathetic activity 

E. Decreased heart rate 

Difficulty level: Easy 

33 . A 64-year-old woman complained to her physician of fatigue, 
increasing shortness of breath, and ankle edema. The pa- 
tient’s vital signs were blood pressure 145/85 mm Hg, pulse 
78 bpm, respirations 1 8/min. After further exams, a diagno- 
sis of stage C systolic heart failure was made. An appropriate 
multidrug therapy was prescribed that included furosemide. 
Which of the following is a primary reason for the use of 
loop diuretics in chronic systolic heart failure? 

A. They inhibit angiotensin II synthesis. 

B. They increase venous return to the heart. 

C They inhibit renal prostaglandin biosynthesis. 

D. They act even when the glomerular filtration rate is very 
low. 

E. They increase the contractility of the failing heart. 


Difficulty level: Medium 

34 . A 53-year-old man with stage C heart failure continued to 
experience symptoms of peripheral edema and dyspnea on 
exertion despite treatment with maximal doses of captopril, 
metoprolol, furosemide, and digoxin. His cardiologist de- 
cided to add a drug to the patient’s therapy. Which of the 
following drugs would be appropriate for the patient at this 
time? 

A. Losartan 

B. Triamterene 

C Spironolactone 

D. Indapamide 

E. Milrinone 

F. Nesiritide 

Difficulty level: Medium 

35 . A63-year-old woman recently diagnosed with systolic heart 
failure started a treatment with furosemide and captopril. 
Plasma levels of which of the following pairs of compounds 
were most likely increased after the administration of 
captopril? 

A. Vasopressin and sodium 

B. Norepinephrine and angiotensin II 
C Bradykinin and angiotensin I 

D. Atrial natriuretic peptide and serotonin 

E. Angiotensin III and prostaglandins 

Difficulty level: Easy 

36 . A 65-year-old woman complained to her physician of dys- 
pnea of exertion despite ongoing therapy and of a frequent 
dry, nonproductive cough. The patient had been diagnosed 
with stage C systolic heart failure for which she had been 
taking captopril and furosemide for the past month. The 
physician told the patient that the cough was most likely due 
to captopril and substituted another drug that he believed 
to be more effective, as it is able to antagonize the actions 
of non-angiotensin-converting enzyme (ACE)-gene rated an- 
giotensin II. Which of the following drugs was most likely 
prescribed? 

A. Enalapril 

B. Fenoldopam 
C Diltiazem 

D. Spironolactone 

E. Losartan 

F. Nitroprusside 



Difficulty level: Medium 

37. A 59-year-old woman recently diagnosed with stage C 
heart failure started a therapy that included spironolactone. 
Which of the following molecular actions most likely medi- 
ated the therapeutic effect of spironolactone in the patient’s 
disease? 

A. Inhibition of potassium excretion in the collecting duct 

B. Blockade of the Na + /H + antiporter in the proximal tubule 
C Decreased Na + conductance in aldosterone-controlled 

Na + channels 

D. Inhibition of renin secretion by the macula densa 

E. Blockade of the Na + /Cl“ symporter in the early distal 
tubule 

Difficulty level: Easy 

38. A57-year-old woman recently diagnosed with systolic heart 
failure started a treatment with captopril and carvedilol. 
Which of the following laboratory results was most likely to 
occur in this patient? 

A. Hypercalcemia 

B. Hyperkalemia 
G Hypervolemia 

D. Hypernatremia 

E. Hyperglycemia 


Questions: IV-4 Antihypertensive Drugs 

Directions for questions 1-5 

Match each antihypertensive drug with its appropriate mecha- 
nism of action (each lettered option can be selected once, more 
than once, or not at all). 

A. Aliskiren 

B. Clonidine 
C Diazoxide 

D. Enalapril 

E. Fenoldopam 

F. Furosemide 

G. Hydralazine 

H. Hydrochlorothiazide 

I. Labetalol 

J. Losartan 


Difficulty level: Hard 

39. A 61 -year-old man recently diagnosed with stage C systolic 
heart failure started a therapy with captopril and carvedilol. 
Which of the following sets of effects on diuresis, arteriolar 
tone and myocardial oxygen consumption most likely oc- 
curred after 1 week of therapy? 



Diuresis 

Arteriolar Tone 

Myocardial Oxygen 
Consumption 

A 

Increased 

Decreased 

Decreased 

B 

Increased 

Unchanged 

Increased 

C 

Decreased 

Decreased 

Unchanged 

D 

Unchanged 

Decreased 

Unchanged 

E 

Decreased 

Increased 

Decreased 


Difficulty level: Easy 

40 . A 54-year-old man complained to his physician of an abnor- 
mal increase in the size of his breasts. The man had been 
suffering from systolic heart failure for 3 years. Two months 
earlier, the cardiologist had added a drug to the patient’s 
therapeutic regimen. Which of the following drugs most 
likely caused the patient’s symptom? 

A. Furosemide 

B. Losartan 
G Carvedilol 

D. Spironolactone 

E. Indapamide 


K. Methyldopa 
L Nifedipine 

M. Nitroprusside 

N. Prazosin 

O. Propranolol 

P. Spironolactone 

Q. Verapamil 

Difficulty level: Easy 

1. Nitric oxide is the active metabolite. 
Difficulty level: Easy 

2. Activation of dopamine D } receptors 



Difficulty level: Easy 

3. Blockade of angiotensin ATj receptors 
Difficulty level: Easy 

4 . Potassium channel opening in smooth muscle cells 

Difficulty level: Easy 

5 . Competitive inhibition of renin 

Difficulty level: Medium 

6. A 63-year-old man recently diagnosed with stage 1 essential 
hypertension started a treatment with hydrochlorothiazide. 
After several weeks of treatment, the antihypertensive action 
of the drug was most likely associated with which of the fol- 
lowing effects? 

A. Remarkable postural hypotension 

B. Decreased cardiac output 

C Decreased peripheral vascular resistance 

D. Increased interstitial fluid volume 

E. Decreased renal blood flow 

Difficulty level: Medium 

7. A 52-year-old man complained to his physician of acute pain 
at the base of his right big toe. The man, who had been work- 
ing as a painter for 15 years, was recently diagnosed with 
essential hypertension and started an antihypertensive ther- 
apy 1 month ago. Alab test showed a plasma uric acid level of 
1 7 mg/dL. Which of the following drugs is most likely to have 
caused the signs and symptoms of this patient? 

A. Captopril 

B. Hydrochlorothiazide 
C Methyldopa 

D. Furosemide 

E. Prazosin 

F. Minoxidil 

Difficulty level: Medium 

8. During a routine physical, a 65-year-old woman was found to 
have a blood pressure of 165/90 mm Hg. Past medical history 
was significant for a second-degree heart block and for osteo- 
porosis. One year ago, she had suffered from a severe episode 
of angioedema. Which of the following antihypertensive drugs 
would be most appropriate for this patient? 

A. Captopril 

B. Propranolol 
C Verapamil 

D. Hydrochlorothiazide 

E. Minoxidil 


Difficulty level: Hard 

9 . A 52-year-old woman suffering from hypertension still had 
a blood pressure of 156/92 mm Hg after 3 months oftherapy 
with hydrochlorothiazide and losartan. Her physician de- 
cided to add a third drug that acts by decreasing central 
sympathetic outflow. Which of the following adverse effects 
was most likely to occur after a few days of therapy with the 
new drug? 

A. Severe postural hypotension 

B. Megaloblastic anemia 
C Palpitations 

D. Pronounced sedation 

E. Sialorrhea 

Difficulty level: Medium 

10 . A 65-year-old man was admitted to the emergency depart- 
ment because of restlessness, apprehension, tremor, sweat- 
ing, and tachycardia. Vital signs on admission were blood 
pressure 190/100 mm Hg, pulse 110 bpm, respirations 18/ 
min. History revealed that the patient had been taking a 
thiazide diuretic and losartan for 3 months for stage 2 hy- 
pertension. However, his blood pressure was still not well 
controlled, and recently his physician had added a third drug 
to the therapeutic regimen. Because the patient was experi- 
encing daytime somnolence and dry mouth, he decided to 
discontinue the newly prescribed medication the day before 
admission. Which of the following drugs was most likely the 
new drug that the patient decided to stop taking? 

A. Captopril 

B. Minoxidil 
C Nifedipine 

D. Hydralazine 

E. Clonidine 

F. Fenoldopam 

Difficulty level: Easy 

11 . A 35-year-old woman in her 29th week of gestation was 
found to have a positive direct Coombs test during a routine 
prenatal visit. Two months after she became pregnant, she 
was diagnosed with stage 1 hypertension and started an 
antihypertensive therapy. Which of the following drugs was 
she most likely taking? 

A. Captopril 

B. Propranolol 
C Nifedipine 

D. Methyldopa 

E. Prazosin 

F. Losartan 



Difficulty level: Easy 

12 . A 47-year-old man with a history of hypertension had been 
taking hydrochlorothiazide for 1 month, but his blood pres- 
sure was not controlled despite adherence to medication and 
nonpharmacologic measures. The patient was also trying to 
quit smoking without success. The physician decided to add 
a second drug to the therapeutic regimen that could help the 
patient as an adjunct to a smoking cessation program. Which 
of the following drugs was most likely prescribed? 

A. Minoxidil 

B. Propranolol 
C Nifedipine 

D. Clonidine 

E. Hydralazine 

Difficulty level: Easy 

13 . A60-year-old man reported to his physician that for the past 
2 days he felt very dizzy and faint when he stood up rapidly. 
The man had a history of essential hypertension that was 
poorly controlled with losartan and hydrochlorothiazide. 
One week earlier, he was diagnosed with prostatic hyper- 
plasia, and the physician added a new drug to the therapy. 
Which of the following drugs most likely caused this adverse 
effect? 

A. Propranolol 

B. Minoxidil 
C Hydralazine 

D. Prazosin 

E. Methyldopa 

F. Fenoldopam 

Difficulty level: Easy 

14 . A 61-year-old man suffering from hypertension had been 
taking hydrochlorothiazide and propranolol for 2 months, 
but the therapy failed to completely control his blood pres- 
sure. The man was recently diagnosed with benign prostatic 
hyperplasia and experienced frequent nocturia. His physi- 
cian decided to add a third drug that could also help with the 
patient’s difficulty in urinating. A drug from which of the 
following drug classes was most likely prescribed? 

A. Alpha- 1 blockers 

B. Ca 2+ channel blockers 

C Angiotensin-converting enzyme (ACE) inhibitors 

D. Dopamine Dj blockers 

E. Alpha-2 agonists 

F. Beta-blockers 


Difficulty level: Medium 

15 . A 50-year-old woman came to her physician complaining 
of dizziness and vertigo for the past 3 days. The woman was 
recently diagnosed with hypertension and diastolic dys- 
function and had started a hypertensive therapy 1 week ear- 
lier. Physical examination showed supine blood pressure of 
166/94 mm Hg and standing blood pressure of 140/83 mm 
Hg. Which of the following antihypertensive drugs was the 
patient most likely taking? 

A. Propranolol 

B. Clonidine 
C Captopril 

D. Hydrochlorothiazide 

E. Labetalol 

Difficulty level: Hard 

16 . A38-year-old man was diagnosed with hypertension (156/95 
mm Hg) during a routine physical exam. Subsequent exams 
indicated he was affected by hypertrophic cardiomyopathy. 
Which of the following antihypertensive drugs would be 
most appropriate for this patient? 

A. Minoxidil 

B. Hydralazine 
C Clonidine 

D. Prazosin 

E. Propranolol 

F. Captopril 

Difficulty level: Hard 

17 . A 64-year-old man with a long history of hypertension was 
admitted to the emergency department because of the sud- 
den onset of severe, sharp, diffuse chest pain that radiated to 
his back. Physical examination revealed a pulse of 1 10 bpm 
and blood pressure of 23 0/120 mm Hg. A computed tomog- 
raphy scan showed a dissection of the arch of the aorta. An 
emergency intravenous treatment was started. Which of the 
following pairs of drugs were most likely administered? 

A. Labetalol and prazosin 

B. Diazoxide and hydralazine 
C Clonidine and captopril 

D. Nitroprusside and esmolol 

E. Minoxidil and nifedipine 



Difficulty level: Medium 

18 . A 56-year-old woman recently diagnosed with hyperten- 
sion and atrial fibrillation started a treatment with atenolol. 
Which ofthe following sets ofphysiologic changes was most 
likely after the administration ofthe drug? 



Cardiac 

Output 

Venous 

Tone 

Postural 

Hypotension 

A 

Decreased 

Unchanged 

Negligible 

B 

Increased 

Unchanged 

Negligible 

C 

Decreased 

Decreased 

Marked 

D 

Unchanged 

Decreased 

Marked 

E 

Decreased 

Increased 

Slight 


Difficulty level: Medium 

19 . A 56-year-old man complained to his physician that for the 
past 2 days he had experienced palpitations, sweating, and 
flushing. History revealed that the man had been diagnosed 
with hypertension 3 months earlier. He had started a therapy 
with hydrochlorothiazide and captopril, but his blood pres- 
sure was still 170/100 mm Hg. One week ago, his physician 
decided to add a third antihypertensive agent to the treat- 
ment. Which ofthe following drugs was most likely added to 
the patient’s therapy resulting in his present complaint? 

A. Hydralazine 

B. Propranolol 
C Verapamil 

D. Clonidine 

E. Nitroprusside 

Difficulty level: Easy 

20. A 61 -year-old man who had been suffering from stage 2 hy- 
pertension for many years had recently added minoxidil to 
his antihypertensive therapy. Which ofthe following actions 
best explains the antihypertensive effect of this drug? 

A. Decreased cardiac output 

B. Decreased central adrenergic tone 

C Decreased extracellular fluid volume 

D. Decreased synthesis of angiotensin II 

E. Decreased total peripheral resistance 

Difficulty level: Easy 

21 . A 45-year-old woman was admitted to the hospital with a 
2-day history of nausea, blurred vision, confusion, and in- 
tractable headache. Physical examination revealed an alert 


but disoriented female with a blood pressure of 240/130 
mm Hg and a pulse of 95 bpm. A preliminary diagnosis of 
hypertensive encephalopathy was made, and an intravenous 
infusion ofdiazoxide was started. Which ofthe following mo- 
lecular actions most likely mediated the therapeutic effect of 
this drug? 

A. Increased synthesis of cyclic guanosine monophosphate 
(cGMP) 

B. Activation of dopamine receptors 
C Opening of K + channels 

D. Increased synthesis of cyclic adenosine monophosphate 
(cAMP) 

E. Increased synthesis of inositol triphosphate/diacylglycerol 
(IP3/DAG) 

F. Blockade of Ca 2+ channels 
Difficulty level: Medium 

22 . A 47-year-old Black man presented to his physician com- 
plaining of a pounding morning headache. The patient had 
been suffering from chronic obstructive pulmonary disease 
for 3 years and had his right kidney removed after a car acci- 
dent 5 years ago. His blood pressure was 170/115 mm Hg, 
and physical examination revealed a systolic-diastolic bruit 
on the epigastrium. The diagnosis of renovascular hyperten- 
sion due to arteriosclerotic stenosis of the renal artery was 
confirmed later by arteriography. Which of the following 
would be a suitable drug treatment for this patient? 

A. Hydrochlorothiazide and captopril 

B. Furosemide and captopril 

C Furosemide and propranolol 

D. Propranolol and nifedipine 

E. Hydrochlorothiazide and nifedipine 

Difficulty level: Hard 

23 . A 45-year-old African-American woman with known hy- 
pertension has been receiving hydrochlorothiazide and pro- 
pranolol for several months. Now she has been diagnosed 
with variant angina, and her physician wants to revise her 
therapy. Which of the following would be the most appro- 
priate therapeutic change to make at this time? 

A. Substitute nifedipine for the propranolol, 

B. Add nitroglycerin to the therapeutic regimen, 

C Substitute captopril for the propranolol, 

D. Substitute nifedipine for the hydrochlorothiazide, 

E. Add captopril to the therapeutic regimen, 



Difficulty level: Hard 

24 . A 63-year-old hypertensive woman had been receiving an 
antihypertensive drug for 15 days. The following serum 
values were obtained from the patient before and after drug 
therapy: 


Plasma Levels 

Before 

After 

Aldosterone 

High 

Low 

Potassium (mEq/L) 

3.5 

4.3 

Renin 

Normal 

High 

Angiotensin II 

High 

Low 


Which of the following drugs was most likely administered? 

A. Hydrochlorothiazide 

B. Propranolol 
C Captopril 

D. Hydralazine 

E. Spironolactone 

Difficulty level: Easy 

25 . A 33-year-old woman with known hypertension is now 2 
weeks’ pregnant. Which of the following antihypertensive 
drug classes is absolutely contraindicated in this woman? 

A. Potassium channel openers 

B. Angiotensin-converting enzyme (ACE) inhibitors 
C Ca 2+ channel blockers 

D. Alpha- 1 blockers 

E. Central sympatholytics 

Difficulty level: Easy 

26 . A 67-year-old man complained to his physician of a dry, 
disturbing cough. In addition, he noted that food seemed 
to have lost its flavor. The man was recently diagnosed with 
stage 2 essential hypertension and had started a multidrug 
treatment 1 week earlier. Which of the following drugs most 
likely caused the patient’s signs and symptoms? 

A. Nifedipine 

B. Clonidine 
C Propranolol 

D. Minoxidil 

E. Captopril 

Difficulty level: Medium 

27 . A59-year-old Black man presented to the clinic complaining 
of pruritic swelling of the eyelids, nose, lips, hands, feet, and 
genitalia. The man had recently been discharged from the 
hospital after an acute myocardial infarction. He had been 
prescribed an appropriate multidrug treatment. He noted 
that the swelling appeared a few hours after starting the 
therapy. Which ofthe following drugs most likely caused the 
patient’s presenting symptoms? 


A. Clopidogrel 

B. Isosorbide mononitrate 
C Atenolol 

D. Captopril 

E. Lovastatin 

Difficulty level: Medium 

28 . A 57-year-old man was admitted to the emergency depart- 
ment because he had not urinated for the past 12 hours. He 
had recently been diagnosed with moderate hypertension 
and had started taking two antihypertensive drugs 10 days 
ago. After a Foley catheter was inserted, only 30 mLof urine 
was obtained. A Doppler ultrasonography revealed bilateral 
renal artery stenosis. Which of the following pairs of drugs 
was the patient most likely taking? 

A. Nifedipine and furosemide 

B. Hydralazine and propranolol 

C Captopril and hydrochlorothiazide 

D. Prazosin and methyldopa 

E. Clonidine and verapamil 

Difficulty level: Hard 

29 . A60-year-old woman was found to have a blood pressure of 
155/95 mm Hg during a routine doctor’s visit. The patient 
had been suffering from type 1 diabetes for 12 years and 
from gouty arthritis for 5 years. Urinalysis showed micro- 
hematuria. Further blood pressure checks supported the 
diagnosis of stage 1 essential hypertension. Which of the fol- 
lowing would be the most appropriate antihypertensive 
drug for this patient? 

A. Hydrochlorothiazide 

B. Propranolol 
C Captopril 

D. Clonidine 

E. Nitroprusside 

F. Aliskiren 

Difficulty level: Hard 

30 . A 52-year-old man was recently diagnosed with stage 1 hy- 
pertension and stage 1 systolic heart failure. Which of the 
following would be an appropriate antihypertensive treat- 
ment for this patient? 

A. Hydrochlorothiazide and verapamil 

B. Hydrochlorothiazide and minoxidil 
C Furosemide and hydralazine 

D. Hydrochlorothiazide and captopril 

E. Furosemide and methyldopa 



Difficulty level: Easy 

31. A65-year-old Black woman recently diagnosed with stage 1 
essential hypertension started a treatment with a thiazide 
diuretic. Which of the following molecular mechanisms is 
most likely to mediate the long-term antihypertensive effect 
of the thiazide drug in this patient? 

A. Increased nitric oxide release from vascular endothelium 

B. Decreased potassium in the extracellular fluid 
C Decreased sodium in smooth muscle cells 

D. Increased calcium in the extracellular fluid 

E. Increased cyclic guanosine monophosphate (cGMP) in 
smooth muscle cells 

Difficulty level: Easy 

32. A 55-year-old African-American woman was found to have 
a blood pressure of 165/100 mm Hg during a routine visit. 
Further analyses showed similar blood pressure values on 
multiple readings, a normal electrocardiogram, normal lab 
values, and no evidence of left ventricular hypertrophy or 
retinopathy. Which of the following antihypertensive drugs 
would be most appropriate for this patient? 

A. Captopril 

B. Furosemide 
C Nitroprusside 

D. Fenoldopam 

E. Hydrochlorothiazide 

F. Atenolol 

Difficulty level: Medium 

33. A66-year-old man recently diagnosed with stage 2 essential 
hypertension started a treatment with hydrochlorothiazide 
and losartan. Which of the following statements best ex- 
plains the rationale for the association of these two drugs? 

A. Thiazides enhance the antihypertensive effect of losartan. 

B. Losartan counteracts thiazide-induced hypercalcemia. 

C Thiazides inhibit the appearance of tolerance to losartan. 

D. Persons over age 65 rarely respond to a therapy with lo- 
sartan alone. 

E. Losartan inhibits thiazide-induced hypovolemia. 
Difficulty level: Medium 

34. A 70-year-old man with a recent history of stage 2 hyper- 
tension came to the clinic for a checkup. He smoked one 
pack of cigarettes daily and consumed three to five ethanol- 
containing drinks weekly. His present medications included 
captopril and verapamil. The patient’s vital signs were blood 
pressure 166/96 mm Hg, heart rate 68 bpm. Pertinent lab 


values on admission were serum creatinine 1.6 mg/dL, po- 
tassium 5.1 mEq/L. Which of the following would be the 
most appropriate change in the patient’s antihypertensive 
regimen? 

A. Add furosemide. 

B. Change captopril to losartan. 

C Add hydrochlorothiazide. 

D. Change verapamil to nifedipine. 

E. Add minoxidil. 

Difficulty level: Easy 

35. A38-year old woman in week 16 ofgestation was diagnosed 
with stage 1 chronic hypertension and started a treatment 
with methyldopa. Which of the following molecular actions 
most likely mediated the antihypertensive effect of this drug? 

A. Opening K + channels in vascular smooth muscle cells 

B. Blockade of Pj adrenoceptors in juxtaglomerular cells 
C Activation of a 2 adrenoceptors in the vasomotor center 

D. Activation of dopamine D 1 receptors in renal vessels 

E. Blockade of a l receptors in vascular smooth muscle cells 

Difficulty level: Easy 

36. A 55-year-old woman with a long history of poorly con- 
trolled essential hypertension had recently added atenolol to 
her therapeutic regimen. Which of the following was most 
likely a primary mechanism that mediated the antihyper- 
tensive effect of atenolol in this patient? 

A. Dilation of large veins 

B. Inhibition of epinephrine release from the adrenal 
medulla 

C Blockade of P 2 receptors of the vascular wall 

D. Decreased sympathetic outflow from vasomotor area 

E. Decreased cardiac output 

F. Decreased total blood volume 

Difficulty level: Easy 

37. A 46-year-old man underwent surgery to remove a glioma 
of the left brain lobe. An intravenous infusion of a drug was 
started to induce controlled hypotension to minimize blood 
loss during surgery. Which of the following drugs would be 
most appropriate for this purpose? 

A. Labetalol 

B. Hydralazine 
G Nifedipine 

D. Nitroprusside 

E. Enalaprilat 

F. Diazoxide 



Difficulty level: Medium 

38 . A 48-year-old woman was admitted to the emergency de- 
partment with a 1-day history of nausea, blurred vision, 
confusion, and intractable headache. Her history showed 
that she was a heavy smoker and had been suffering from 
toxic tobacco amblyopia for 2 years. Physical examination 
revealed an alert but disoriented woman with a blood pres- 
sure of 220/140 mm Hg and a pulse of 90 bpm. An electro- 
cardiogram showed a second-degree atrioventricular block. 
Apreliminary diagnosis of hypertensive encephalopathy was 
made, and an intravenous infusion of a drug was started. 
Which of the following drugs would be most appropriate for 
this patient? 

A. Verapamil 

B. Diazoxide 
C Labetalol 

D. Clonidine 

E. Captopril 

F. Nitroprusside 

Difficulty level: Medium 

39 . A 55-year-old man at a routine checkup was found to have 
a blood pressure of 175/105 mm Hg. He had a long history of 
hypertension and had previously experienced adverse effects 
with verapamil (severe constipation) and captopril (annoy- 
ing cough). He was presently taking hydrochlorothiazide, 

Questions: IV-5 Antiarrhythmic Drugs 

Directions for questions 1-6 

Match each antiarrhythmic drug with the appropriate descrip- 
tion (each lettered option can be selected once, more than once, 
or not at all). 

A. Adenosine 

B. Amiodarone 
C Diltiazem 

D. Esmolol 

E. Flecainide 

F. Ibutilide 

G. Lidocaine 

H. Magnesium sulfate 

I. Metoprolol 

J. Mexiletine 

K. Phenytoin 

L Procainamide 

M. Quin id in e 

N. Sotalol 


clonidine, and propranolol. His physician decided to add a 
fourth drug to the patient’s regimen. Which of the following 
drugs would be appropriate at this time? 

A. Nifedipine 

B. Diazoxide 
C Methyldopa 

D. Enalaprilat 

E. Minoxidil 

F. Fenoldopam 

Difficulty level: Medium 

40 . A3 1 -year-old woman complained to her physician ofpound- 
ing headache and occasional palpitations. The woman was 
recently married, and the couple wanted to have children. 
She had been suffering from moderate asthma for 5 years, 
presently treated with inhaled albuterol. She was found to 
have a high blood pressure (160/92 mm Hg), and subsequent 
exams confirmed the diagnosis of essential hypertension 
and atrial tachycardia. Which of the following drugs would 
be an appropriate antihypertensive therapy for this patient? 

A. Furosemide 

B. Captopril 
C Prazosin 

D. Propranolol 

E. Diltiazem 

F. Fenoldopam 


Difficulty level: Easy 

1. This drug is an anticonvulsant frequently used to treat gener- 
alized tonic-clonic seizures. 

Difficulty level: Easy 

2. This drug acts on acetylcholine-sensitive K + channels. 
Difficulty level: Easy 

3. This drug is the most effective antiarrhythmic agent for both 
supraventricular and ventricular arrhythmias. 

Difficulty level: Easy 

4 . This drug blocks inactivated (but not activated) Na + channels. 
Difficulty level: Easy 

5. This drug blocks both (3 receptors and K + channels. 

Difficulty level: Easy 

6. This drug may be used for treating malaria. 



Difficulty level: Medium 

7. A 51-year-old woman at a routine office visit was found to 
have a heart rate of 1 10 bpm. The woman had a history of 
atrial flutter for which she had been receiving quinidine for 
the past 2 weeks following a successful electrical cardiover- 
sion. The physician thought that her tachycardia was caused 
by quinidine. Which of the following actions best explains 
the mechanism of this adverse effect of quinidine? 

A. Blockade of muscarinic receptors 

B. Activation of a { receptors 

C Stimulation of arterial baroreceptors 

D. Activation of calcium channels 

E. Activation of potassium channels 

Difficulty level: Hard 

8. APurkinje fiber was isolated from an animal heart and placed 
in a recording chamber. Action potentials were recorded be- 
fore and after a low dose of quinidine was added to the per- 
fusate. Which ofthe following electrophysiologicalresponses 
would quinidine most likely produce in this preparation? 

A. Decreased action potential duration 

B. Increased slope of phase 3 
G Decreased slope of phase 0 

D. Decreased effective refractory period 

E. Increased slope of phase 4 

Difficulty level: Easy 

9 . A 63-year-old man was admitted to the hospital because of 
fever, chills, and profuse epistaxis. The man, suffering from 
a reentrant supraventricular arrhythmia, had started a new 
antiarrhythmic drug the day before. Lab results on admis- 
sion disclosed a platelet count of 50,000/mm 3 . Which of the 
following drugs most likely caused the patient’s disorder? 

A. lidocaine 

B. Verapamil 
C Quinidine 

D. Adenosine 

E. Sotalol 

F. Diltiazem 

Difficulty: Hard 

10 . A24-year-old man presented to the emergency department 
with a chief complaint of palpitations for the past 3 hours. 
He had experienced no prior symptoms and had no signifi- 
cant past medical history. Vital signs were blood pressure 
100/60 mm Hg, pulse 190 bpm, respirations 14/min. An 
electrocardiogram showed a picture compatible with Wolff- 
Parkinson-White syndrome. An appropriate therapy was 
instituted that included intravenous administration of a drug. 
Which ofthe following drugs was most likely given? 


A. Digoxin 

B. Verapamil 
C Propranolol 

D. Procainamide 

E. Nifedipine 

Difficulty level: Easy 

11 . A 47-year-old woman suffering from sustained ventricular 
tachycardia had been receiving mexiletine for 1 month. In 
this patient’s abnormal pacemaker cells, the drug most likely 
decreased which of the following electrophysiological pa- 
rameters ofthe heart? 

A. Refractoriness 

B. Slope of phase 4 

C Action potential duration 

D. Length of phase 2 

E. Diastolic interval 

Difficulty level: Easy 

12 . A 47-year-old man developed increasing ectopic beats fol- 
lowed by sustained tachycardia after being admitted to the 
coronary unit following a myocardial infarction. An electro- 
cardiogram showed a frequency of 175 bpm, wide QRS com- 
plexes, and atrioventricular dissociation. He was given an 
intravenous infusion of an antiarrhythmic drug that restored 
the normal sinus rhythm, but 1 hour later the patient showed 
increased agitation, loss of coordination, confusion, slurred 
speech, nystagmus, trembling, and muscle twitching. Which 
ofthe following drugs was most likely administered? 

A. Lidocaine 

B. Phenytoin 
C Sotalol 

D. Mexiletine 

E. Verapamil 

F. Digoxin 

Difficulty level: Easy 

13 . A 65-year-old woman admitted to the emergency depart- 
ment with a myocardial infarction developed sustained ven- 
tricular tachycardia. Neither amiodarone nor lidocaine was 
effective, and the cardiologist decided to try another drug 
that acts mainly by blocking activated Na + channels and 
K + channels. Which of the following drugs was most likely 
administered? 

A. Mexiletine 

B. Adenosine 
C Sotalol 

D. Verapamil 

E. Procainamide 



Difficulty level: Medium 

14 . A 54-year-old woman complained to her physician of pal- 
pitations, insomnia, diarrhea, and increased sweating for 
the past 3 weeks. Physical examination revealed a patient 
in moderate distress with mild hand tremors and exophthal- 
mos. Vital signs were blood pressure 146/62 mm Hg, pulse 
122 bpm, respirations 18/min. An electrocardiogram showed 
atrial tachycardia. Which of the following drugs would be 
most appropriate to treat the patient’s arrhythmia? 

A. Quin id in e 

B. Amiodarone 
C Verapamil 

D. Propranolol 

E. Digoxin 

Difficulty level: Hard 

15 . A 34-year-old man was admitted to the emergency depart- 
ment with severe dyspnea and chest pain. Family history 
revealed that his father died suddenly from a heart attack 
that was apparently related to a gene defect. Auscultation 
of the heart showed an ejection-type murmur, and chest 
x-ray disclosed massive cardiomegaly. The electrocardiogram 
showed atrial fibrillation. An appropriate therapy was pre- 
scribed. Which of the following drugs was most likely given? 

A. Procainamide 

B. Quin id in e 
C Flecainide 

D. Atenolol 

E. Nitroglycerin 

Difficulty level: Easy 

16 . A 78-year-old man was admitted to the hospital because 
of dyspnea, a nonproductive cough, and fever. The man had 
been receiving an antiarrhythmic drug for 2 months to treat 
refractory supraventricular tachycardia. Achest x-ray showed 
diffuse bilateral infiltrates. Bacterial, fungal, and viral cultures 
were negative. Which of the following drugs most likely 
caused the patient’s pulmonary disorder? 

A. Flecainide 

B. Mexiletine 
G Amiodarone 

D. Sotalol 

E. Procainamide 

Difficulty level: Easy 

17 . A 44-year-old man complained to his physician of joint 
pains in his elbows and knees and of an unusual masklike 
rash over his face. The man, who was suffering from Wolff- 


Parkinson-White syndrome, had been receiving an anti- 
arrhythmic drug for 1 month. Discontinuation of the drug 
caused the symptoms to abate. Which ofthe following drugs 
did the patient most likely take? 

A. Quin id in e 

B. Lidocaine 

C Amiodarone 

D. Adenosine 

E. Procainamide 

F. Ibutilide 

Difficulty level: Hard 

18 . A 56-year-old woman was admitted to the intensive care 
unit because she had been experiencing chest palpitations 
for the past 3 hours. Vital signs on admission were blood 
pressure 96/70 mm Hg, heart rate 210 bpm, respiration 15 
breaths/min. An electrocardiogram indicated atrial fibrilla- 
tion with wide QRS. Adiagnosis was made, and amiodarone 
was given intravenously (IV). Fifteen minutes later, the heart 
rate was still 180 bpm. Another appropriate drug was ad- 
ministered IV. Which of the following was most likely the 
second drug administered? 

A. Lidocaine 

B. Mexiletine 
G Phenytoin 

D. Nifedipine 

E. Nitroglycerin 

F. Procainamide 

Difficulty level: Hard 

19 . A 53-year-old woman with a history of major depression 
was brought to the clinic by her husband because she was 
experiencing ongoing lethargy. Her medications included 
amitriptyline, and the husband said that he found an empty 
bottle of the medication in her room. Physical examination 
showed a lethargic, oriented patient with blood pressure 
113/64, pulse 135 bpm, respirations 22/min. An electro- 
cardiogram showed a ventricular arrhythmia with widened 
QRS complexes. An appropriate therapy was instituted, and 
an antiarrhythmic drug was prescribed. Which of the fol- 
lowing antiarrhythmic drugs would be absolutely contra- 
indicated for this patient? 

A. Mexiletine 

B. Lidocaine 
G Quinidine 

D. Phenytoin 

E. Propranolol 



Difficulty level: Medium 

20 . A 54-year-old woman was admitted to the hospital because 
of an episode of dizziness and near-syncope. Her medical 
history was significant for urinary tract infection, presently 
treated with ciprofloxacin. A few days earlier, she was diag- 
nosed with atrial fibrillation and started a treatment with 
sotalol. An electrocardiogram strip recorded by a Holter mon- 
itor during another episode of near-syncope clarified the 
diagnosis. From which of the following disorders did the 
patient most likely suffer? 

A. Premature ventricular contractions 

B. Atrial fibrillation 

C Second-degree atrioventricular block 

D. Polymorphic ventricular tachycardia 

E. Atrial tachycardia 

F. Ventricular fibrillation 

Difficulty level: Medium 

21 . A 55-year-old woman who had been suffering from atrial 
flutter for 3 months was admitted to the hospital for cardio- 
version. She received an intravenous infusion of a drug for 
10 minutes, and a few minutes later the heart reverted to 
a normal sinus rhythm. Which of the following drugs was 
most likely administered? 

A. Mexiletine 

B. Lidocaine 
C Adenosine 

D. Amiodarone 

E. Ibutilide 

F. Phenytoin 

Difficulty level: Hard 

22 . A 50-year-old woman was brought to the emergency de- 
partment by her brother, who stated she consumed a full 
bottle of one of her medications in a suicide attempt. The 
woman had a long history of depression, chronic obstructive 
pulmonary disease (treated by ipratropium), and recurrent 
supraventricular tachycardia. The patient was confused and 
drowsy. Vital signs were blood pressure 85/45 mm Hg, pulse 
45 bpm, respirations 23/min. Which of the following drugs 
most likely caused the patient’s signs and symptoms? 

A. Ipratropium 

B. Adenosine 
C Propranolol 

D. Lidocaine 

E. Verapamil 


Difficulty level: Hard 

23 . A 59-year-old woman presented with an abrupt onset of 
palpitations accompanied by a vague complaint of “feeling 
ill.” Subsequent Holter monitoring revealed atrial fibrillation 
with a ventricular response up to 152 bpm. The patient’s 
past history included primary hyperparathyroidism and in- 
termittent claudication for 3 years, apparently due to periph- 
eral occlusive arteriosclerosis. Which of the following drugs 
would be appropriate for the chronic control of the patient’s 
arrhythmia? 

A. Digoxin 

B. Propranolol 
C Verapamil 

D. Lidocaine 

E. Phenytoin 

F. Adenosine 

Difficulty level: Easy 

24 . A44-year-old man presented to the emergency department 
complaining of fatigue and palpitations of 3-hour duration. 
Vital signs were heart rate 160 bpm, blood pressure 100/60 
mm Hg, respirations 15/min. Physical examination was un- 
remarkable. An electrocardiogram confirmed the diagnosis 
of narrow complex supraventricular tachycardia. An intrave- 
nous injection of adenosine was given, and 10 minutes later 
the heart rate went back to normal. Which of the following 
molecular actions most likely mediated the therapeutic effi- 
cacy of the drug in the patient’s disease? 

A. Blockade of Na + channels 

B. Opening of Ca 2+ channels 
C Activation of M 0 receptors 

D. Blockade of p j receptors 

E. Opening of K + channels 

Difficulty level: Medium 

25 . 45-year-old man was admitted to the coronary unit because 
of a myocardial infarction in the posterior wall. Two hours 
after admission, his heart rate started decreasing (40 bpm), 
and an electrocardiogram indicated sinus bradycardia. Which 
of the following drugs would be most appropriate for this 
patient? 

A. Isoproterenol 

B. Epinephrine 
C Dobutamine 

D. Dopamine 

E. Atropine 



Difficulty level: Easy 

26 . A46-year-old woman complained to her physician of sleep- 
iness, fatigue, cold intolerance, weight gain, and constipa- 
tion. The woman, who had been suffering from ventricular 
tachycardia, had been receiving an antiarrhythmic drug for 
2 months. A blood test revealed a high level of thyrotropin. 
Which of the following drugs most likely caused the patient’s 
signs and symptoms? 

A. Mexiletine 

B. Sotalol 

C Flecainide 

D. Lidocaine 

E. Procainamide 

F. Amiodarone 

Difficulty level: Easy 

27 . A56-year-old alcoholic man presented to the emergency de- 
partment with a chief complaint of chest palpitations for the 
past 3 hours. Vital signs were blood pressure 170/90, pulse 
170 beats/min. An electrocardiogram confirmed atrial fibril- 
lation, and the physician was considering prescribing one of 
the following drugs: atenolol, verapamil, or digoxin. Which 
of the following actions best explains the therapeutic effec- 
tiveness of all of these drugs in treating atrial fibrillation? 

A. Decreased atrioventricular conduction 

B. Increased intra-atrial conduction 

C Increased ventricular refractoriness 

D. Increased myocardial contractility 

E. Decreased cardiac preload 

Difficulty level: Medium 

28 . A52-year-old man with a long history of chronic obstructive 
pulmonary disease was recently diagnosed with atrial fibril- 
lation. Which of the following drugs would be appropriate 
for the chronic control of the patient’s arrhythmia? 

A. Amiodarone 

B. Verapamil 
C Nifedipine 

D. Lidocaine 

E. Mexiletine 

F. Sotalol 

Difficulty level: Hard 

29 . A 63-year-old man who had been suffering from hyperten- 
sion and mild cardiac failure for 3 years was recently diag- 
nosed with sustained atrial fibrillation. The arrhythmia was 
refractory to therapy with verapamil and was only partially 
controlled by sotalol. Which of the following drugs would be 
appropriate to prescribe to the patient at this time? 


A. Diltiazem 

B. Mexiletine 
C Amiodarone 

D. Lidocaine 

E. Propranolol 

Difficulty level: Medium 

30 . A 33-year-old woman presented to the emergency depart- 
ment complaining of fatigue and palpitations for the past 
3 hours. Physical examination revealed a female in no appar- 
ent distress with the following vital signs: blood pressure 
100/60 mm Hg, heart rate 172 bpm, respirations 12/min. An 
electrocardiogram showed a regular rhythm with heart rate 
168 bpm. A Valsalva maneuver and a carotid sinus massage 
were attempted with no success. An intravenous injection 
of a drug was given. Which of the following drugs would be 
appropriate for this patient? 

A. Lidocaine 

B. Mexiletine 
C Adenosine 

D. Phenytoin 

E. Verapamil 

F. Diltiazem 

Difficulty level: Medium 

31 . A 24-year-old man complained to his physician of frequent 
bursts ofpalpitations for the past week. Further exams led to 
the diagnosis of idiopathic left ventricular tachycardia. Which 
of the following drugs would be appropriate for the chronic 
control of the patient’s arrhythmia? 

A. Lidocaine 

B. Digoxin 
C Quinidine 

D. Flecainide 

E. Adenosine 

Difficulty level: Hard 

32 . A57-year-old man admitted to the coronary unit after coro- 
nary bypass surgery developed increasing ectopic beats fol- 
lowed by sustained tachycardia. An electrocardiogram showed 
a frequency of 170 bpm, wide QRS complexes, and atrioven- 
tricular dissociation. An intravenous (IV) loading dose of an 
appropriate drug was given, then an IV infusion of the same 
drug was started. Which of the following drugs was most 
likely administered? 

A. Phenytoin 

B. Verapamil 
C Quinidine 

D. Mexiletine 

E. Lidocaine 



Difficulty level: Easy 

33. A 62-year-old man suffering from atrial flutter was elec- 
trically cardioverted and discharged from the hospital with 
a postdischarge therapy for rhythm control. The prescribed 
drug primarily blocks activated Na + channels and has negli- 
gible effects on action potential duration. Which of the fol- 
lowing drugs was most likely given? 

A. Amiodarone 

B. Flecainide 
C Lidocaine 

D. Adenosine 

E. Diltiazem 

Difficulty level: Hard 

34 . A 35-year-old man with a long history of heroin abuse was 
admitted to the emergency department because of nausea 
and vomiting, blurred vision, dizziness, ringing in the ears, 
and headache. The man said he had intravenously (IV) self- 
injected a dose of heroin bought from a new vendor. One hour 
after the admission, he was found unresponsive by the nurs- 
ing staff. An electrocardiogram showed torsade de pointes. 
Cardiopulmonary life support was initiated, and a drug was 
given IV. Which of the following drugs would be appropriate 
for the patient at this time? 

A. Ibutilide 

B. Amiodarone 
C Procainamide 

D. Sotalol 

E. Magnesium sulfate 

F. Verapamil 

G. Lidocaine 

Difficulty level: Easy 

35 . A 58-year-old-woman admitted to the coronary unit with a 
myocardial infarction developed ventricular tachycardia and 
was given an intravenous injection of amiodarone. The ther- 
apeutic effect of the drug was most likely mediated by an 
increase in which of the following electrophysiological 
parameters? 

A. Slope of phase 4 

B. Slope of phase 0 

C Action potential duration 

D. Length of phase 2 

E. Maximum diastolic potential 

Difficulty level: Medium 

36 . A 53-year-old woman is in her cardiologist’s office for a rou- 
tine visit. The woman has been suffering from paroxysmal 
atrial fibrillation for 4 months. Her current medications are 
digoxin and warfarin. Now the cardiologist would like to 
attempt to restore and maintain sinus rhythm with oral 


amiodarone. Which of the following would be an appropri- 
ate adjustment of the ongoing therapy of this patient? 

A. Decrease the warfarin dose only. 

B. Decrease the digoxin dose only. 

C Decrease both warfarin and digoxin doses. 

D. Increase the digoxin dose before starting amiodarone. 

E. Discontinue warfarin as soon as sinus rhythm is re- 
stored. 

Difficulty level: Hard 

37 . A 67-year-old woman complained to her physician of fre- 
quent palpitations for the past 2 weeks. The woman had been 
suffering from severe asthma for 5 years and from exertional 
angina for 2 years. An electrocardiogram showed absence 
of P waves and an “irregularly irregular” ventricular rate. 
Which of the following antiarrhythmic drugs would be ap- 
propriate for this patient? 

A. Sotalol 

B. Flecainide 
C Mexiletine 

D. Lidocaine 

E. Labetalol 

F. Adenosine 

G. Diltiazem 

Difficulty level: Easy 

38 . A 55-year-old man, admitted to the coronary unit with a 
myocardial infarction developed ventricular fibrillation and 
was successfully cardioverted. To prevent further fibrillatory 
episodes, he was given an intravenous antiarrhythmic drug 
that is effective in both supraventricular and ventricular 
arrhythmias and has a half-life of about 1 month. Which of 
the following drugs was most likely administered? 

A. Mexiletine 

B. Sotalol 

C Quinidine 

D. Amiodarone 

E. Procainamide 

F. Lidocaine 

Difficulty level: Easy 

39 . A Purkinje fiber was isolated from an animal heart and 
placed in a recording chamber. Action potentials were re- 
corded before and after a low dose of ibutilide was added to 
the perfusate. Which of the following was the most likely 
electrophysiological action of the drug on this preparation? 

A. Decreased action potential duration 

B. Decreased slope of phase 0 

C Increased action potential duration 

D. Decreased effective refractory period 

E. Increased slope of phase 4 



Questions: IV-6 Antihyperlipidemic Drugs 


Directions for questions 1-4 

Match each antihyperlipidemic drug with the appropriate de- 
scription (each lettered option can be selected once, more than 
once, or not at all). 

A. Cholestyramine 

B. Ezetimibe 
C Gemfibrozil 

D. Niacin 

E. Lovastatin 

Difficulty level: Easy 

1. This drug can sometimes cause hypertriglyceridemia. 
Difficulty level: Easy 

2 . Facial flushing is the most common adverse effect of this drug. 
Difficulty level: Easy 

3. High doses of this drug can cause metabolic acidosis. 
Difficulty level: Easy 

4 . This drug activates a nuclear transcription receptor. 

Difficulty level: Easy 

5. A 21 -year-old woman recently diagnosed with familial com- 
bined hyperlipidemia started a treatment with lovastatin. 
Which of the following molecular actions most likely mediated 
the therapeutic efficacy of the drug in the patient’s disease? 

A. Downregulation of hepatic low-density lipoprotein (LDL) 
receptors 

B. Increased synthesis of lipoprotein lipase 
C Decreased synthesis of mevalonic acid 

D. Decreased storage ofLDLin hepatic endosomes 

E. Increased plasma levels of hepatic aminotransferases 

F. Increased plasma levels of creatine phosphokinase 

Difficulty level: Easy 

6. A28-year-old woman recently diagnosed with familial com- 
bined hyperlipidemia started a treatment with a low-fat 
diet and cholestyramine. This therapy most likely caused the 
greatest reduction in plasma levels of which of the following 
compounds? 

A. Very-low-density lipoprotein (VLDL) 

B. High -density lipoprotein (HDL) 

C Low-density lipoprotein (LDL) 

D. Chylomicrons 

E. Triglycerides 


Difficulty level: Medium 

7 . A54-year-old obese man had plasma low-density lipoprotein 
(LDL) cholesterol of 270 mg/dL despite 4 months of therapy 
with lovastatin. The physician decided to add cholestyr- 
amine to the patient’s regimen. Recently, the patient had been 
found to have stage 1 hypertension for which he was cur- 
rently taking propranolol and hydrochlorothiazide. Which of 
the following changes in the pharmacokinetics of these two 
drugs was most likely to occur when the patient began to 
take cholestyramine? 

A. Clearance of propranolol increased. 

B. Clearance of hydrochlorothiazide decreased. 

C Oral bioavailability of propranolol increased. 

D. Oral bioavailability of hydrochlorothiazide decreased. 

E. Volume of distribution of propranolol increased. 

F. Volume of distribution of hydrochlorothiazide decreased. 

Difficulty level: Hard 

8. A 52-year-old man was found to have total cholesterol of 
380 mg/dLand triglycerides of230 mg/dLdespite 3 months 
of a diet low in saturated fat. The man had been suffering 
from hemophilia since birth and from external hemorrhoids 
for 2 years. An antihyperlipidemic therapy was prescribed. 
Which ofthe following drugs would be contraindicated in this 
patient? 

A. Lovastatin 

B. Cholestyramine 
C Ezetimibe 

D. Niacin 

E. Gemfibrozil 

Difficulty level: Medium 

9 . A 24-year-old woman suffering from familial hypertrigly- 
ceridemia was screened with a blood lipid profile during a 
routine visit. Relevant laboratory test results were uric acid 
15 mg/dL(normal 4.0-8.5 mg/dL), total cholesterol 170 mg/dL 
(normal < 200 mg/dL), triglycerides 1230 mg/dL (normal 
<200 mg/dL). A lipid-lowering drug was prescribed. Which of 
the following was most likely the mechanism of action of that 
drug? 

A. Increase of lipid synthesis by adipose tissue 

B. Downregulation of low-density lipoprotein (LDL) recep- 
tors in the liver 

C Inhibition HMG-CoA (3-hydroxy-3-methylglutaryl-coen- 
zyme A) reductase activity in the liver 

D. Stimulation of lipoprotein lipase synthesis 

E. Decreased absorption of exogenous cholesterol 



Difficulty level: Easy 

10 . A 55-year-old obese woman was found to have a total cho- 
lesterol level of 360 mg/dL (normal < 200 mg/dL), despite 
many months of lovastatin treatment. The physician decided 
to add ezetimibe to the therapeutic regimen. Which of the 
following cells represents the main site of action of the added 
drug? 

A. Adipocytes 

B. Capillary endothelial cells 
C Platelets 

D. Hepatocytes 

E. Intestinal epithelial cells 

Difficulty level: Easy 

11 . A 57-year-old man was found to have low-density lipopro- 
tein (LDL) cholesterol of 360 mg/dL (normal < 130 mg/dL) 
despite 5 months of treatment with lovastatin. The physi- 
cian decided to add ezetimibe to the therapeutic regimen. 
Which of the following statements best explains the ratio- 
nale of adding ezetimibe to lovastatin therapy? 

A. The combination decreases the risk of lovastatin-induced 
myopathy. 

B. The combination results in synergistic cholesterol- 
lowering effects. 

C Ezetimibe slows down the metabolism of lovastatin. 

D. Ezetimibe increases the intestinal absorption of lovastatin. 

E. The combination strongly increases high-density lipo- 
protein (HDL) plasma levels. 

Difficulty level: Easy 

12 . A46-year-old man suffering from familial hypercholesterol- 
emia was found to have total cholesterol of 430 mg/dL de- 
spite many months oftreatment with lovastatin. Triglyceride 
levels were normal. His physician decided to add niacin to 
the therapeutic regimen. Which of the following molecular 
actions most likely mediated the therapeutic efficacy of nia- 
cin in the patient’s disease? 

A. Inhibition of very-low-density lipoprotein (VLDL) pro- 
duction by the hepatocyte 

B. Inhibition of high-density lipoprotein (HDL) synthesis 
by the liver 

C Increase of circulating fibrinogen 

D. Stimulation of lipolysis in adipose tissue 

E. Decreased absorption of exogenous cholesterol 


Difficulty level: Easy 

13 . A49-year-old man was brought by ambulance to the emer- 
gency department with the admitting diagnosis of myo- 
cardial infarction. Emergency therapy was started, which 
included alteplase, aspirin, heparin, and metoprolol. The 
next day lovastatin and ezetimibe were added to the thera- 
peutic regimen. Which of the drugs received by the patient 
acts primarily in the cytoplasmic compartment of liver cells? 

A. Alteplase 

B. Aspirin 

C Lovastatin 

D. Heparin 

E. Ezetimibe 

F. Metoprolol 

Difficulty level: Medium 

14 . A 52-year-old obese man suffering from gout and hyperten- 
sion was found to have low-density lipoprotein (LDL) choles- 
terol of 360 mg/dL (normal < 130 mg/dL) and a serum uric 
acid of 1 5.5 mg/dL(normal 4. 0-8. 5 mg/dL). Other laboratory 
values were within normal limits. A lipid-lowering therapy 
was prescribed. Which of the following antihyperlipidemic 
drugs would be relatively contraindicated in this patient? 

A. Cholestyramine 

B. Niacin 

C Ezetimibe 

D. Lovastatin 

E. Gemfibrozil 

Difficulty level: Medium 

15 . A 56-year-old woman suffering from familial hypercholes- 
terolemia was found to have total cholesterol of 470 mg/dL 
(normal < 200 mg/dL) despite many months of treatment 
with lovastatin. Triglyceride levels were normal. The physi- 
cian decided to add niacin to the therapeutic regimen. Which 
of the following drugs should be given during the first days 
of therapy to avoid niacin-induced flushes? 

A. Warfarin 

B. Atropine 
C Aspirin 

D. Prazosin 

E. Gemfibrozil 



Difficulty level: Hard 

16 . A 40-year-old obese man suffering from type I diabetes 
mellitus and hyperlipidemia was admitted to the hospital 
because of vomiting and circulatory collapse. The patient 
had started an antihyperlipidemic therapy 1 month ago. 
Pertinent plasma data on admission were pH 7.32, HCO 3- 12 
mEq/L (normal 22-26 mEq/L), partial pressure of arterial 
carbon dioxide (P a C0 0 ) 16 mm Hg (normal 25-45 mm Hg), 
Cl“ 125 mEq/L (normal 90-105 mEq/L). Which of the fol- 
lowing drugs could have contributed to the syndrome the 
patient was suffering from? 

A. Lovastatin 

B. Insulin 
C Niacin 

D. Gemfibrozil 

E. Cholestyramine 

Difficulty level: Easy 

17 . A 57-year-old woman was found to have triglyceride levels of 
630 mg/dL (normal < 200 mg/dL). Therapy with gemfibrozil 
was prescribed. Which of the following cellular structures 
most likely represents the site of action of this drug? 

A. Smooth endoplasmic reticulum 

B. Nucleus 

C Cell membrane 

D. Cytoplasm 

E. Rough endoplasmic reticulum 

F. Mitochondria 

Difficulty level: Medium 

18 . A 45-year-old man complained to his physician of muscle 
aches, soreness, and weakness. The patient had been suffer- 
ing from duodenal ulcer for 2 years, from familial hypercho- 
lesterolemia for 5 years, and from open-angle glaucoma for 
1 year. Current therapy included famotidine and sucralfate 
for ulcer, lovastatin for hyperlipidemia, and timolol and lata- 
noprost for glaucoma. A urinalysis showed myoglobinuria. 
Which of the following drugs most likely caused this finding? 

A. Latanoprost 

B. Famotidine 
G Timolol 

D. Sucralfate 

E. Lovastatin 

Difficulty level: Medium 

19 . A 49-year-old man at a routine checkup was found to have 
the following lipid profile: low-density lipoprotein (LDL) 
cholesterol 180 mg/dL (normal < 200 mg/dL), high-density 
lipoprotein (HDL) cholesterol 14 mg/dL(normal >35 mg/dL), 
triglycerides 150 mg/dL (normal < 200 mg/dL). The man 


weighed 295 lb (134 kg) and was a heavy cigarette smoker. 
Which of the following antihyperlipidemic drugs would be 
most appropriate for this patient? 

A. Gemfibrozil 

B. Lovastatin 

C Cholestyramine 

D. Niacin 

E. Ezetimibe 

Difficulty level: Easy 

20 . A 26-year-old obese woman who was found to have a low- 
density lipoprotein (LDL) cholesterol level of 270 mg/mL 
(normal <130 mg/mL) despite 4 months of diet, started a 
lipid-lowering therapy with cholestyramine. Which of the 
following is the primary site of action of this drug? 

A. Liver 

B. Small intestine 
C Colon 

D. Plasma 

E. Adipose tissue 

F. Gall bladder 

Difficulty level: Medium 

21 . Anew antihyperlipidemic drug was tested on patients with 
high cholesterol levels during a phase 3 clinical trial. Which 
of the following populations would be best suited to show 
the potential protective effect of the drug against coronary 
artery disease? 

A. Women ages 40 to 50 

B. Men ages 50 to 60 
G Obese children 

D. Women over age 75 

E. Men over age 75 

Difficulty level: Medium 

22 . A 53-year-old woman was brought to the hospital because 
of sudden unilateral blindness and inability to move the 
extremities ofthe contralateral body side. All symptoms dis- 
appeared a half hour later. An angiogram revealed a 55%ste- 
nosis ofthe right carotid artery. An appropriate therapy was 
prescribed. Which of the following drugs given chronically 
would be most likely to contribute to a decreased risk of fur- 
ther stroke in this patient? 

A. Isosorbide mononitrate 

B. Furosemide 
G Lovastatin 

D. Esmolol 

E. Alteplase 

F. Gemfibrozil 



Difficulty level: Medium 

23 . A 35-year-old man with familial combined hyperlipidemia 
was found to have a total cholesterol level of 380 mg/mL 
(normal <200 mg/mL) and a triglyceride level of 720 mg/mL 
(normal <150 mg/mL). His family doctor decided to start 
therapy with lovastatin and gemfibrozil. The physician was 
aware that with this therapy the patient was at increased 
risk of myopathy. To prevent this disorder, which of the fol- 
lowing enzymes should be measured every 2 weeks? 

A. HMG-CoA (3-hydroxy-3-methylglutaryl-coenzyme A) 
reductase 

B. Aminotransferase 

C Alkaline phosphatase 

D. Cyclooxygenase 

E. Creatine kinase 

Difficulty level: Easy 

24 . A 57-year-old obese woman had low-density lipoprotein 
(LDL) cholesterol of 350 mg/dL(normal <130 mg/dL) despite 
3 months of therapy with lovastatin. The physician decided 
to add to the patient’s regimen a drug that acts by increasing 
the elimination of bile acids. Which of the following drugs 
was most likely prescribed? 

A. Cholestyramine 

B. Gemfibrozil 
C Atorvastatin 

D. Niacin 

E. Ezetimibe 

Difficulty level: Medium 

25 . A53-year-old man continued to have a low-density lipopro- 
tein (LDL) cholesterol level of 270 mg/dL(normal < 130 mg/ 
dL) after a 6-month trial of diet therapy. His triglyceride 
levels were in the normal range. The patient had been suf- 
fering from type II diabetes mellitus for 2 years and peptic 
ulcer for 4 months. Current therapy included glyburide and 
metformin for diabetes and omeprazole for peptic ulcer. 
Which of the following drugs would be most appropriate to 
treat this patient’s hyperlipidemia? 

A. Niacin 

B. Cholestyramine 
C Lovastatin 

D. Nicotinamide 

E. Gemfibrozil 

Difficulty level: Medium 

26 . During a routine follow-up visit, a 52-year-old man was 
found to have the following lab results: alanine aminotrans- 
ferase 120 U/L (normal 8-20 U/L), aspartate aminotransfer- 
ase 108 U/L(normal 8-20 U/L). The man had been discharged 
from the hospital after an acute myocardial infarction 2 


months earlier and was on an appropriate postdischarge 
therapy. Which ofthe following drugs most likely caused the 
lab results? 

A. Atenolol 

B. Lovastatin 
C Warfarin 

D. Clopidogrel 

E. Captopril 

Difficulty level: Hard 

27. A 51 -year-old man suffering from hyperlipidemia was 
screened with a lipoprotein profile during a follow-up med- 
ical evaluation. He was found to have a low-density lipopro- 
tein (LDL) cholesterol level of 440 mg/dL (normal <130 mg/ 
dL) despite many months of lovastatin therapy. Triglyceride 
levels were 120 mg/dL. The patient had been suffering from 
type I diabetes for 15 years. Because a substantial reduction 
of LDL cholesterol was needed, a combination of two anti- 
hyperlipidemic drugs was considered. Which of the follow- 
ing would be the most appropriate drug combination for this 
patient? 

A. Lovastatin and cholestyramine 

B. Lovastatin and niacin 

C Cholestyramine and niacin 

D. Gemfibrozil and ezetimibe 

E. Gemfibrozil and cholestyramine 

Difficulty level: Hard 

28. Each of the following patients (1 to 5) was found to have an 
abnormal lipid profile and was placed on a lipid-lowering 
diet for 4 months. None had any history of ischemic heart 
disease. The results of the patients’ fasting lipid profile after 
4 months of diet are given in the following table. 



Triglycerides 

(mg/dL) 

LDL 

(mg/dL) 

HDL 

(mg/dL) 

1 

300 

120 

20 

2 

190 

130 

25 

3 

300 

210 

20 

4 

230 

180 

65 

5 

180 

120 

45 

Normal 

values 

<200 

< 130 

>35 


Abbreviations: HDL high-density lipoprotein; LDL low-density lipoprotein. 


For which one of the following patients would it be most 
important to recommend an antihyperlipidemic drug at this 
time? 

A. Patient 1 

B. Patient 2 
C Patient 3 

D. Patient 4 

E. Patient 5 




Difficulty level: Medium 

29. A63-year-old obese man presented to the hospital with the 
admitting diagnosis of acute renal failure. He reported that 
2 days earlier, he realized his urine was clear and red. One 
month earlier, the man was found to have plasma choles- 
terol of3 10 mg/dL(normal < 200 mg/dL) and triglycerides of 
950 mg/dL(normal <150 mg/dL). He started an appropriate 
lipid-lowering therapy at that time. Which of the following 
pharmacotherapies most likely caused the patient’s renal 
failure? 

A. Cholestyramine alone 

B. Cholestyramine and niacin 
C Lovastatin and gemfibrozil 

D. Lovastatin alone 

E. Niacin alone 

Questions: IV- 7 Drugs Affecting Hemostasis 

Difficulty level: Easy 

5 . A 54-year-old woman suffering from asthma was brought to 
the emergency department because of a sudden onset of left- 
side paralysis. Imaging studies confirmed the diagnosis of 
thromboembolic stroke, and the patient started a treatment 
that included a drug that acts by blocking platelet adenosine 
diphosphate (ADP) receptors. Which of the following drugs 
has this mechanism of action? 

A. Warfarin 

B. Aminocaproic acid 
C Alteplase 

D. Clopidogrel 

E. Heparin 

F. Aspirin 

Difficulty level: Easy 

6. A 34-year-old man admitted to the emergency department 
with a presumptive diagnosis of pulmonary thromboembo- 
lism started a treatment that included a drug that acts by ac- 
celerating the binding between antithrombin III and clotting 
factor proteases. Which of the following drugs has this mech- 
anism of action? 

A. Warfarin 

B. Aminocaproic acid 
C Alteplase 

D. Clopidogrel 

E. Heparin 

F. Aspirin 

plasmin. 


Directions for questions 1-4 

Match each drug affecting hemostasis with the appropriate de- 
scription (each lettered option can be selected once, more than 
once, or not at all). 


A. 

Abciximab 

B. 

Alteplase 

C 

Aminocaproic acid 

D. 

Aspirin 

E. 

Clopidogrel 

F. 

Desmopressin 

G. 

Enoxaparin 

H. 

Factor VIII 

I. 

Heparin 

J 

Protamine sulfate 

K. 

Vitamin K 

L 

Warfarin 

Difficulty level: Easy 


1. This drug binds noncompetitively to glycoprotein Ilb/IIIa re- 
ceptor complex. 

Difficulty level: Easy 

2. This drug increases the activity of factor VIII. 

Difficulty level: Easy 

3. This drug blocks the conversion of plasminogen to plasmin. 
Difficulty level: Easy 

4 . This drug catalyzes the conversion of plasminogen into active 


Difficulty level: Medium 

30. A 54-year-old man suffering from familial hypercholesterol- 
emia started treatment with lovastatin and cholestyramine. 
Which of the following actions most likely mediated the 
therapeutic effect of both drugs in the patient’s disease? 

A. Decreased intestinal reabsorption of bile acids 

B. Decreased conversion of cholesterol to bile acids 
C Decreased synthesis of cholesterol by the liver 

D. Upregulation of hepatic low-density lipoprotein (LDL) 
receptors 

E. Decreased synthesis of triglycerides by the liver 



Difficulty level: Medium 

7. A 30-year-old woman presented to her family physician 
complaining of black, tarry stools. The woman had had a 
prosthetic valve replacement 4 months earlier for severe 
aortic stenosis secondary to rheumatic disease and had been 
receiving daily oral anticoagulant therapy since then. Physi- 
cal examination revealed subconjunctival hemorrhage and 
bruises on her arms and legs. Which of the following drugs 
most likely caused the patient’s signs and symptoms? 

A. Streptokinase 

B. Aspirin 
C Heparin 

D. Warfarin 

E. Aminocaproic acid 

F. Bivalirudin 

Difficulty level: Hard 

8. A42-year-old woman suffering from systemic lupus erythe- 
matosus presented to the clinic with substernal, nonradiat- 
ing pain that awakened her from sleep. Physical examination 
showed a patient in moderate distress, complaining of chest 
pain that was worsened by thoracic motion. Vital signs in- 
cluded temperature 103°F (39.4°C), pulse 90 bpm, blood 
pressure 150/90 mm Hg, respirations 1 8/min. Auscultation 
revealed a precordial systolic and diastolic friction rub. Which 
of the following drug classes would be absolutely contrain- 
dicated for this patient? 

A. Nonsteroidal antiinflammatory drugs 

B. Fibrinolytic drugs 
C Glucocorticoids 

D. Opioids 

E. Antibiotics 

Difficulty level: Medium 

9 . A 55-year-old man complained to his physician of red blood 
in his stools and pink urine. Two weeks earlier, the man had 
started a treatment with warfarin for recurrent deep vein 
thrombosis. On physical examination, the patient appeared 
pale and diaphoretic. Vital signs were blood pressure 85/55 
mm Hg, heart rate 105 bpm, respirations 20/min. An appro- 
priate therapy was started. Which of the following drugs 
was most likely administered intravenously to the patient? 

A. Vitamin K 

B. Aminocaproic acid 
C Protamine sulfate 

D. Alteplase 

E. Fresh frozen plasma 

Difficulty level: Medium 

10 . A 32-year-old man suffering from hemophilia A was at his 
dentist’s office for a tooth extraction. In preparation for minor 


surgery, the patient received a subcutaneous injection of 
desmopressin, a drug that was effective for him in the past. 
Which of the following statements best explains why des- 
mopressin was an appropriate therapy for the patient? 

A. It increases the plasma levels of factor VIII. 

B. It increases the intestinal absorption of vitamin K. 

C It has a pronounced antifibrinolytic activity. 

D. It inhibits the activity of antithrombin III. 

E. It inhibits the activity of proteins C and S. 

Difficulty level: Easy 

11 . A72-year-old man recently diagnosed with atrial fibrillation 
started a treatment that included dabigatran. The inhibition 
of which of the following molecular actions most likely me- 
diated the therapeutic effect of the drug in this patient? 

A. Prothrombin synthesis 

B. Thromboxane A ^ activity 
C Thrombin activity 

D. Plasminogen synthesis 

E. Antithrombin III activity 

Difficulty level: Medium 

12 . A 62-year-old woman complained to her physician of nose 
bleeds and red eyes. The woman had been receiving war- 
farin for 1 month because of deep venous thrombosis. Four 
days earlier, she had started treatment with erythromycin 
for acute pharyngitis. Which of the following drug-induced 
changes was most likely responsible for the patient’s 
symptoms? 

A. Erythromycin-induced inhibition of clotting factors 
synthesis 

B. Erythromycin-induced inhibition of warfarin metabolism 
C Warfarin-induced thrombosis of the nasal mucosal 

microvasculature 

D. Erythromycin-induced decrease of intestinal absorption 
of vitamin K 

E. Warfarin-induced decreased of vitamin Kproduction by 
intestinal flora 

Difficulty level: Medium 

13 . A 56-year-old man admitted to the hospital with a myocar- 
dial infarction underwent a percutaneous coronary angio- 
plasty for the revascularization of his left coronary. Which 
of the following drugs was most likely given intravenously 
during the procedure? 

A. Warfarin 

B. Clopidogrel 
C Protamine 

D. Aminocaproic acid 

E. Recombinant factor VTIa 

F. Abciximab 



Difficulty level: Medium 

14 . A 64-year-old man was admitted to the emergency depart- 
ment with the presumptive diagnosis of pulmonary embo- 
lism. He was started on an appropriate emergency therapy. 
Three days later, his fingers became discolored, and labo- 
ratory tests showed the following: white blood cell count 
(WBC) 10.2 x 10 3 /mm 3 (normal 4.3-10.8 x 10 3 /mm 3 ), red 
blood cell count (RBC) 4.8 x 10 6 /mm 3 (normal 3. 5-5.0 x 1 0 6 / 
mm 3 ), platelets 75 x 10 3 /mm 3 (normal 140-440 x 10 3 /mm 3 ). 
Which of the following drugs most likely caused the patient’s 
signs and symptoms? 

A. Vitamin K 

B. Aspirin 
C Heparin 

D. Warfarin 

E. Alteplase 

F. Aminocaproic acid 

Difficulty level: Easy 

15 . A 63-year-old man told his physician that in the morning 
he discovered his urine was cloudy and red. The man was 
suffering from persistent atrial fibrillation and had been sta- 
bilized on warfarin therapy for 1 month. Three days earlier, he 
had started taking an over-the-counter preparation contain- 
ing cimetidine for heartburn. Which of the following state- 
ments best explains the cause of the patient’s symptoms? 

A. Decreased renal clearance of warfarin 

B. Decreased intestinal absorption of vitamin K 
C Inhibition of hepatic metabolism of warfarin 

D. Anticoagulant effect of cimetidine 

E. Warfarin displacement from plasma protein-binding 
sites 

Difficulty level: Medium 

16 . A71-year-old woman who underwent hip replacement was 
discharged from the hospital with an appropriate postdis- 
charge therapy that included daily subcutaneous injection 
of regular heparin. Which of the following lab exams should 
be performed frequently during the heparin treatment? 

A. Red blood cell count (RBC) 

B. Platelet count 
C Plasma K + level 

D. Plasma Na + level 

E. Bleeding time 

F. Fibrinolysis time 


Difficulty level: Medium 

17 . A 50-year-old man was brought to the emergency depart- 
ment by ambulance for management of severe, unrelenting 
chest pain for the past hour. The man had been suffering 
from exertional angina for 5 years. Physical examination 
revealed a middle-aged man in obvious distress with the 
following vital signs: blood pressure 165/100 mm Hg, heart 
rate 110 bpm, respirations 22/min. An electrocardiogram 
showed ST-segment depression in multiple leads. Which of 
the following pairs of drugs should be included in the imme- 
diate treatment of this patient? 

A. Clopidogrel and aminocaproic acid 

B. Alteplase and warfarin 
C Heparin and aspirin 

D. Abciximab and warfarin 

E. Aminocaproic acid and abciximab 

F. Aspirin and desmopressin 

Difficulty level: Easy 

18 . A67-year-old woman presented to the clinic because ofpro- 
gressive swelling and soreness of the left calf. After physical 
examination and lab exams, a diagnosis of deep venous 
thrombosis was made, and a treatment with enoxaparin was 
started. Which of the following is the main advantage of this 
drug over the standard unfractionated heparin? 

A. Complete absence of bleeding complications 

B. Good oral bioavailability 

C Lower incidence of drug- induced thrombocytopenia 

D. Pronounced antiplatelet activity 

E. Inhibitions of a larger number of coagulation factors 

Difficulty level: Hard 

19 . A65-year-old man developed sudden dyspnea and chest pain 
2 days after surgery to remove a gastric carcinoma. Physical 
examination revealed an anxious man in severe respiratory 
distress with the following vital signs: temperature 99.5°F 
(37.5°C), pulse 120 bpm, blood pressure 90/50 mm Hg, res- 
pirations 28 breaths/min. A computed tomography scan 
showed complete obstruction of a branch of the left pulmo- 
nary artery. Which ofthe following drugs should be included 
in the acute parenteral treatment of this patient? 

A. Nitroglycerin 

B. Aspirin 
C Alteplase 

D. Warfarin 

E. Heparin 

F. Clopidogrel 



Difficulty level: Medium 

20 . A 48-year-old woman who had been suffering from breast 
cancer for 2 years was admitted to the hospital with a diag- 
nosis of deep venous thrombosis. An intravenous (IV) load- 
ing dose of heparin was administered, followed by an IV 
infusion. After 6 hours of heparin therapy, the patient’s acti- 
vated partial thromboplastin time (aPTT) had not increased 
relative to her heparin pretreatment levels. Which of the 
following statements best explains this finding? 

A. The patient had high plasma levels of heparin-binding 
proteins. 

B. The patient’s therapy included a vitamin Ksupplement. 
C Heparin has a very short half-life (2 to 4 minutes). 

D. Heparin effects are delayed at least 12 hours after ad- 
ministration. 

E. The patient had high plasma levels of antithrombin III. 
Difficulty level: Medium 

21 . A 63-year-old man suddenly collapsed at home and was 
brought unconscious to the emergency department. Physi- 
cal examination showed a comatose patient with flaccid 
paralysis on both left extremities. Vital signs were blood pres- 
sure 132/70 mm Hg, pulse 90 bpm, respirations 8 breaths/ 
min. A diffusion magnetic resonance imaging (MRI) scan 
disclosed complete occlusion of the right internal carotid ar- 
tery. Emergency therapy was ordered. Which of the follow- 
ing drugs was most likely included in the emergency 
treatment of this patient? 

A. Aminocaproic acid 

B. Desmopressin 
C Alteplase 

D. Dabigatran 

E. Bivalirudin 

F. Warfarin 

Difficulty level: Medium 

22 . A 69-year-old obese man presented to the clinic because of 
left calf swelling and pain of 1 -day duration. He stated that a 
few days before the onset of symptoms, he had arrived home 
after a 14-hour flight from India. Duplex scanning was per- 
formed and revealed clot formation in the patient’s left calf. 
The patient did not exhibit signs of pulmonary embolism. 
Which of the following pairs of drugs were most likely pre- 
scribed to the patient? 

A. Heparin and abciximab 

B. Warfarin and abciximab 
C Heparin and warfarin 

D. Alteplase and warfarin 

E. Alteplase and heparin 

F. Alteplase and abciximab 


Difficulty level: Medium 

23 . A50-year-old woman admitted to the coronary unit because 
of a myocardial infarction received an appropriate multidrug 
therapy. The next day she complained of an abrupt head- 
ache, followed shortly by vomiting and loss of consciousness. 
Acomputed tomography scan of the brain confirmed the di- 
agnosis of stroke due to cerebral hemorrhage. Which of the 
following drugs most likely contributed to the appearance of 
the patient’s stoke? 

A. Aspirin 

B. Propranolol 
C Nitroglycerin 

D. Alteplase 

E. Warfarin 

Difficulty level: Medium 

24 . A 55-year-old woman recently diagnosed with atrial flutter 
started a treatment that included warfarin. The time of 
onset of the anticoagulant effect of this drug mainly de- 
pends on the half-life ofwhich ofthe following endogenous 
compounds? 

A. Already-formed factor VII 

B. Circulating antithrombin 
C Already formed factor II 

D. Vitamin K 

E. Circulating fibrinogen 

Difficulty level: Medium 

25 . A68-year-old man with no past medical history was admit- 
ted to the emergency department because of severe subster- 
nal crushing chest pain with radiation to the left arm for the 
past 2 hours. An electrocardiogram confirmed the diagnosis 
of acute anterior myocardial infarction. Which of the follow- 
ing pairs of drugs were most likely immediately given intra- 
venously to the patient? 

A. Alteplase and heparin 

B. Alteplase and warfarin 

C Dobutamine and milrinone 

D. Dobutamine and aspirin 

E. Clopidogrel and heparin 

F. Aspirin and warfarin 



Difficulty level: Hard 

26 . A 64-year-old woman was diagnosed with hypothyroidism 
and started on levothyroxine replacement therapy. For the 
previous 8 months, she had been receiving warfarin therapy 
for the treatment of recurrent deep venous thrombosis. Her 
warfarin dose was adjusted to maintain her international 
normalized ratio (INR) between 2 and 3. When she started 
thyroxine replacement therapy, her physician reduced the 
dosage of warfarin by 50% and advised her that her INR 
would need to be monitored on a weekly basis until a new 
appropriate dose of warfarin was determined. Which of the 
following statements best explains why the warfarin dose 
was reduced? 

A. Warfarin decreases the renal clearance of levothyroxine. 

B. Warfarin decreases the hepatic clearance of levothyroxine. 
C Levothyroxine decreases the hepatic clearance of 

warfarin. 

D. Levothyroxine increases the catabolism of clotting 
factors. 

E. Levothyroxine increases the intestinal absorption of 
warfarin. 

Difficulty level: Easy 

27 . A67-year-old man recently diagnosed with atrial fibrillation 
started a treatment that included warfarin. Which of the fol- 
lowing molecular actions most likely mediated the efficacy 
of the drug in the patient’s disease? 

A. Potentiation of the activity of antithrombin III in the 
blood 

B. Blockade of the reduction of vitamin Kepoxide 

C Stimulation of the metabolism of factors II, VII, IX, and X 
in the liver 

D. Activation of endogenous anticoagulant proteins in the 
liver 

E. Blockade of the synthesis of vitamin Kin the liver 
Difficulty level: Medium 

28 . A 65-year-old man with congestive heart failure presented to 
the clinic complaining of several days of fatigue and fast heart 
rate. On physical examination, his pulse was irregular, and his 
heart rate was 130 bpm. After doing an electrocardiogram, 


a diagnosis of atrial fibrillation was made, and cardioversion 
was planned for this patient in 6 weeks. Which of the fol- 
lowing drugs did the patient most likely receive during the 
6 weeks before cardioversion? 

A. Heparin 

B. Streptokinase 

C High-dose aspirin 

D. Warfarin 

E. Abciximab 

Difficulty level: Easy 

29 . A 57-year-old man was admitted to the emergency depart- 
ment because of unrelenting chest pain for the past 3 hours. 
After physical examination and lab tests, a diagnosis of unsta- 
ble angina was made, and the patient received an emergency 
therapy that included abciximab. Which of the following 
steps of thrombus formation was most likely inhibited by 
this drug? 

A. Binding of fibrinogen to platelet surface 

B. Activation of factor X 

C Synthesis of thromboxane A 2 

D. Synthesis of factor II 

E. Binding of adenosine diphosphate (ADP) to its platelet 
receptor 

F. Activation of factor IX 
Difficulty level: Easy 

30 . A 65-year-old man leaving the hospital after a myocardial 
infarction received an appropriate postdischarge therapy that 
included aspirin, one low-dose tablet daily. Which of the fol- 
lowing actions most likely mediated the therapeutic effect of 
the drug in the patient’s disease? 

A. Competitive inhibition of cyclooxygenase 

B. Competitive inhibition of lipoxygenase 

C Irreversible blockade of adenosine diphosphate (ADP) 
receptors 

D. Activation of the glycoprotein Ilb/IIIa receptor complex 

E. Irreversible acetylation of cyclooxygenase 

F. Blockade of the synthesis of prostaglandin I 2 (PGI 2 , 
prostacyclin) 



Answers and Explanations: IV-1 Diuretics 


Questions 1-5 

1. A 

2. G 

3. F 

4. E 

5. C 

learning objective: Explain the molecular mechanism of diuretic 

action of carbonic anhydrase inhibitors. 

6. A Acetazolamide is a carbonic anhydrase inhibitor. Carbonic 
anhydrase is an enzyme located in the brush border and cyto- 
plasm of renal proximal convoluted tubule epithelial cells. In 
the proximal tubule, a large amount of H + is secreted into the 
lumen via the Na + /H + exchanger. Most of this H + combines 
with bicarbonate ion in the tubular fluid to form carbonic 
acid, which is rapidly dehydrated to C0 2 and water (this reac- 
tion is catalyzed by carbonic anhydrase). The CO 0 diffuses into 
the proximal tubular cells, where the opposite reaction takes 
place to form H + and HC0 3 “ (this reaction is also catalyzed by 
carbonic anhydrase). The HC0 3 “ exits the cell on the basolat- 
eral side and is reabsorbed as bicarbonate. Hydrogen ion is 
secreted into the lumen via the Na + /H + exchanger. By blocking 
carbonic anhydrase, acetazolamide blocks the reabsorption of 
bicarbonate and Na + , resulting in increased diuresis. 

B Acetazolamide causes an inhibition, rather than a stimu- 
lation, of bicarbonate reabsorption. 

C This is the mechanism of action of thiazide diuretics. 

D Hydrogen is not reabsorbed by the kidney. By inhibiting 
carbonic anhydrase, acetazolamide inhibits the formation of 
carbonic acid inside the tubular cells, which in turn inhibits 
the secretion of hydrogen into the lumen. 

E Acetazolamide causes inhibition, not stimulation, of car- 
bonic acid formation inside the tubular cells. 

learning objectives: Outline the use of carbonic anhydrase inhibi- 
tors in the prophylaxis of altitude sickness; describe the urine pro- 
file of a patient treated with carbonic anhydrase inhibitors. 

7. A Acetazolamide, a carbonic anhydrase inhibitor, is the only 
diuretic used to prevent mountain sickness in people who are 
at risk for this disorder and have to go to a high altitude. The 
mechanism of this action is not clear, but it may be related 
to the induction of metabolic acidosis. Carbonic anhydrase 
inhibitors produce urine that is very rich in bicarbonate. Uri- 
nary sodium is only slightly increased (the efficacy of the di- 
uretic is low). Urinary K + excretion is also increased (all 
diuretics except potassium-sparing diuretics increase urinary 
K + excretion). 

BThis urine profile would be caused by osmotic diuretics. 

CThis urine profile would be caused by thiazide diuretics. 


D This urine profile would be caused by loop diuretics. 

E This urine profile would be caused by K + -sparing 
diuretics. 

foaming objective: Describe the main adverse effects of carbonic 
anhydrase inhibitors. 

8. D The symptoms of the patient are classic for acetazolamide 
overdose. The drug is used to treat glaucoma, because it 
decreases the production of aqueous humor, a fluid rich in 
bicarbonate. High doses of carbonic anhydrase inhibitors 
such as acetazolamide can cause metabolic acidosis as they 
profoundly increase the urinary excretion of bicarbonate. 
Because the plasma loss of bicarbonate is counterbalanced 
by an increase of extracellular CU, most incidents of meta- 
bolic acidosis are hyperchloremic. 

A-C, E All of these drugs are used for glaucoma, but they 
do not cause hyperchloremic metabolic acidosis. 

learning objectives: Outline comorbidity contraindications for the 
use of carbonic anhydrase inhibitors; describe the main adverse 
effects of carbonic anhydrase inhibitors. 

9. A The history, symptoms, and signs of the patient suggest 
that he was suffering from portal-systemic encephalopathy, 
a syndrome that can occur when extensive portal-systemic 
collaterals have developed as a result ofportal hypertension. 
Liver cirrhosis is one of the most common causes of por- 
tal-systemic encephalopathy, and this was most likely the 
cause in this case. Carbonic anhydrase inhibitors cause urine 
alkalinization, which in turn reduces urinary excretion of 
ammonia. The resulting hyperammonemia is an important 
cause of portal-systemic encephalopathy, as NH 4 + causes 
brain toxicity. Most likely, the ophthalmologist overlooked 
the possibility that the patient had liver cirrhosis and pre- 
scribed acetazolamide for glaucoma. 

B-E These drugs do not trigger liver encephalopathy in 
patients at risk for liver cirrhosis. 

learning objective: Describe the main therapeutic uses of car- 
bonic anhydrase inhibitors. 

10. D Dorzolamide is a carbonic anhydrase inhibitor. The ratio- 
nale for the use of carbonic anhydrase inhibitors in open- 
angle glaucoma is based on the fact that aqueous humor is 
rich in bicarbonate. By inhibiting bicarbonate synthesis, the 
production of aqueous humor is decreased. 

A-C, E All of these drugs are used to treat glaucoma, but 
they act by increasing the outflow of aqueous humor, not by 
decreasing its production. 




learning objective: Describe the therapeutic uses of carbonic an- 
hydrase inhibitors. 

11. E Familial hypokalemic periodic paralysis is a rare autoso- 
mal condition characterized by episodes of flaccid paralysis 
with loss of deep tendon reflex. Potassium flows from the 
bloodstream into muscle cells during attacks. Acetazolamide 
may help to prevent the attacks; the mechanism of action is 
still uncertain, but it could be related to the production of 
metabolic acidosis, which decreases the activity of Na + /K + 
ATPase, thus lowering the entry of potassium into muscle 
cells. 

A-C These diuretics can cause hypokalemia and are there- 
fore contraindicated in this disease. 

D Potassium-sparing diuretics are sometimes used in hy- 
pokalemic periodic paralysis, but they are not needed in this 
case, as a potassium supplementation was prescribed. 

learning objective: Explain the mechanism of thiazide -induced 
hypercalcemia. 

12. A In the kidney, the distal convolute tubule reabsorbs about 
8%of the filtered Ca 2+ load. This reabsorption occurs through 
epithelial Ca 2+ channels. In the steady state, however, the cell 
must extrude all the entered Ca 2+ ; this occurs through a 
plasma membrane Ca 2+ -ATPase (the Ca 2+ pump) and also 
through the Na + /Ca 2+ exchanger located on the basolateral 
surface of cells of the distal tubule. Thiazides inhibit the 
Na + /Cr symporter in the early distal convoluted tubule, thus 
decreasing the intracellular concentration of Na. This likely 
enhances the activity of the Na + /Ca 2+ exchanger, which in 
turn creates a greater driving force for reabsorption of Ca 2+ 
through the epithelial Ca 2+ channels. The final effect is an 
increased reabsorption of Ca 2+ that can cause hypercalce- 
mia or, more often, can unmask hypercalcemia due to other 
causes, as in this case (malignancy is a common cause of 
hypercalcemia). 

B-F Thiazides do not cause these effects. 

learning objective: Explain the mechanism of thiazide -induced 
increase in renal excretion of potassium. 

13. A Potassium secretion by the distal tubule is a passive pro- 
cess that depends on the electrochemical gradient between 
the distal tubular cells and the tubular lumen. The higher 
the Na + load in the distal tubule, the higher the Na+ reab- 
sorption. This creates a lumen-negative potential that favors 
K + excretion. 

B Thiazides do not inhibit the Na + /K + /2CP cotransporter. 


CThiazides can decrease the secretion ofuric acid, but this 
has nothing to do with the thiazide-induced increase in K + 
excretion. 

D Thiazides do not stimulate the Na + /K + pump. 

E Thiazides are weak carbonic anhydrase inhibitors and 
therefore tend to increase, not decrease, the delivery of bi- 
carbonate to the collecting duct. 

learning objective: Explain the main contraindications to carbonic 
anhydrase inhibitors. 

14. CDrugs that can cause alkaline urine are usually contrain- 
dicated in serious hepatic disease for the following reason: 
ammonia (NH 3 ) is secreted by the proximal tubule by a 
countertransport mechanism in exchange for Na + , which 
is reabsorbed. If the urine is acidic, it accepts a proton and 
exists almost entirely as NH 4 + , which is trapped there. If the 
urine is alkaline, fewer protons are available, and ammonia 
can return to the systemic circulation. In patients with seri- 
ous hepatic disease, ammonia cannot be converted into urea 
and can cause hyperammonemia, which in turn can trigger 
a hepatic coma. 

B Spironolactone is the preferred diuretic in ascites due 
to hepatic cirrhosis 

A, D, E All of these diuretics can be used in ascites due to 
hepatic cirrhosis. 

Learning objectives: Outline the signs of hyponatremia; identify 
the diuretics that can cause hyponatremia. 

15. FIndapamide is a sulfonamide compound categorized as a 
“thiazide-like” diuretic. The patient’s signs and symptoms 
suggest the diagnosis of dilutional hyponatremia, which is a 
rare but sometimes fatal adverse effect of thiazide and thia- 
zide-like diuretics. These drugs affect the diluting ability of 
the kidney while increasing Na + excretion. Once volume de- 
pletion occurs, the release of antidiuretic hormone (ADH) 
causes water retention and worsens the hyponatremia. In 
contrast, loop diuretics (not included in the question) also 
affect the concentrating ability of the kidney, thus limiting 
ADH-mediated water retention. The effect of thiazides may 
last 1 to 2 weeks after cessation of the therapy. Elderly pa- 
tients are especially prone to thiazide-induced hyponatre- 
mia, particularly if a preexisting renal insufficiency exists, as 
in this case (see the high creatinine level). 

A-E The risk of dilutional hyponatremia with these drugs 
is negligible. 




learning objective: Describe the therapeutic use of thiazides in 
diabetes insipidus. 

16. B Polyuria with low urine osmolality suggests the diagnosis 
of diabetes insipidus. To determine the cause of this syn- 
drome, vasopressin is used. Because nephrogenic diabetes 
insipidus is vasopressin-resistant, urine osmolality would 
not change significantly after vasopressin, as in this case. A 
common cause of nephrogenic diabetes insipidus is hyper- 
calcemia, which is common in bone metastases of various 
tumors. Thiazide diuretics can reduce polyuria and polydip- 
sia in diabetes insipidus. The mechanism of this paradoxical 
effect is likely related to the extracellular volume reduction, 
which in turn causes an activation of the renin-angiotensin 
system. Angiotensin enhances the reabsorption of Na + and 
water in the proximal tubule by stimulating the Na + /H + ex- 
changer. This in turn causes a decreased delivery of fluid to 
the distal tubule. Thus, there is a decrease in the maximum 
volume of dilute urine that can be produced. 

A Desmopressin is effective in neurogenic diabetes insipi- 
dus, but it is ineffective in nephrogenic diabetes insipidus. 
Neurogenic diabetes insipidus is unlikely in this case, be- 
cause it is vasopressin-sensitive; therefore, urine osmolality 
would have been increased significantly after vasopressin. 

C Demeclocycline is appropriate for the treatment of 
syndrome of inappropriate antidiuretic hormone secretion 
(SIADH). This syndrome leads to hyponatremia (not hyper- 
natremia, as in diabetes insipidus) and low serum osmolality. 

D Amiloride is used effectively in case of lithium-induced 
nephrogenic diabetes insipidus because the drug blocks lith- 
ium transport into the cells of the collecting tubule. How- 
ever, it is not effective in other forms of diabetes insipidus. 

EFurosemide is not effective in nephrogenic diabetes in- 
sipidus. It can be used in case of chronic renal failure, but 
this diagnosis is unlikely in this case because urine osmolal- 
ity is lower than serum osmolality (in chronic renal failure, 
urine osmolality is usually fixed close to that of serum). 

foaming objective: Explain the molecular mechanism of action of 
loop diuretics. 

17. CWhen the glomerular filtration rate (GFR) is less than 30 
mEmin (as can occur in severe heart failure), the only di- 
uretics that are still active are loop diuretics. This is likely 
related, at least in part, to the fact that by inhibiting Na + and 
CEtransport into the macula densa, the macula densa is no 
longer able to sense salt concentration in the tubular fluid 
and therefore increases renin secretion, leading to an in- 
crease in angiotensin II. Because angiotensin II preferentially 
constricts the efferent arteriole, GFR is enhanced. 

A, B, D, E See correct answer explanation. 


foaming objective: Explain the molecular mechanism of furose- 
mide-induced metabolic alkalosis. 

18. B There are three main causes of alkalosis induced by loop 
diuretics. The most important is increased delivery of Na + 
to the distal tubule. The consequent increased reabsorption 
of Na + creates a lumen-negative potential that favors both 
H + and K + excretion. The second cause is the stimulation of 
aldosterone release due to volume contraction and increased 
renin secretion. The third cause occurs only when hypokale- 
mia is severe. In this case, K + tends to leave the cell, and H + 
enters to maintain electroneutrality, with the final result of 
extracellular alkalosis and intracellular acidosis. 

A, C, D All ofthese are actions of loop diuretics, but they do 
not lead to metabolic alkalosis. 

ELoop diuretics actually increase renin secretion. 

learning objective: Explain the mechanism of thiazide -induced 
extracellular volume depletion. 

19. CThe patient’s signs and symptoms suggest the diagnosis of 
hypovolemic hyponatremia, which is a rare but sometimes 
fatal adverse effect of thiazide diuretics. These drugs affect 
the diluting ability of the kidney while increasing Na + excre- 
tion. Once volume depletion occurs, the release of antidiuretic 
hormone causes water retention and worsens hyponatre- 
mia. This effect of thiazides may last 1 to 2 weeks after ces- 
sation of the therapy. Elderly patients are especially prone to 
thiazide-induced hyponatremia, particularly if preexisting 
renal insufficiency exists, as in this case (see the high creati- 
nine level). 

A, B, D These disorders do not cause the signs and symp- 
toms shown by the patient. 

E The patient is hyponatremic, but the postural hypoten- 
sion and the diuretic therapy indicate that hyponatremia is 
hypovolemic, not hypervolemic. 

Learning objective: Describe the main therapeutic uses of loop 
diuretics. 

20. E The patient exhibits the classic symptoms of pulmonary 
edema. Furosemide is the diuretic of first choice for this 
condition because it is able to quickly reduce preload (and 
therefore the left ventricular filling pressure) through the 
following actions: 

• Rapid increase in venous capacitance, likely mediated by 

prostaglandin release (the initial beneficial effect may re- 
sult more from this action than from diuresis) 

• Brisk and abundant natriuresis 

A, B Hydrochlorothiazide and amiloride are less effective 
than loop diuretics and do not have acute vasodilating 
properties. 

C, D, F Mannitol, epinephrine, and metoprolol are contra- 
indicated in pulmonary edema. 




learning objective: Describe the main therapeutic uses of loop 
diuretics. 

21. C Lab values of this patient indicate very high Ca 2+ levels, 
and her symptoms and history are in accordance with the 
diagnosis of profound hypercalcemia. Malignancy and hy- 
perparathyroidism are the most common causes of hyper- 
calcemia. The first-line emergency treatment for this disorder 
is hydration and volume expansion, as such patients are vol- 
ume depleted due to the accompany polyuria, nausea, and 
vomiting. 

Furosemide is administered because it can increase uri- 
nary Ca 2+ excretion. Ca 2+ and Mg 2+ are reabsorbed in the 
thick ascending limb ofthe loop ofHenle, because the action 
of the Na + /K + /2CLcotransporter in that portion ofthe neph- 
ron leads to excess K + accumulation within the tubular cells. 
This results in back-diffusion of K + into the tubular lumen 
and development of a lumen-positive electrical potential. 
This potential provides the driving force for reabsorption 
of Ca 2+ and Mg 2+ via the paracellular pathway. By blocking 
the Na + /K + /2CL cotransporter, furosemide decreases the re- 
absorption of these ions. 

A Acetazolamide has no significant effect on urinary Ca 2+ 
excretion. 

B, D, E These diuretics actually decrease urinary Ca 2+ 
excretion. 

learning objective: Determine the choice of a loop diuretic in a 
patient with a serious allergic reaction to sulfa drugs. 

22. D The only loop diuretic that is not a sulfonamide is ethac- 
rynic acid. Therefore, ethacrynic acid represents a suitable 
alternative to the use of furosemide when furosemide is 
contraindicated because of serious adverse effects, as in this 
case. 

A Spironolactone is used in heart failure as an adjunct 
drug, but it cannot substitute for a loop diuretic in a patient 
with stage C heart failure. 

B, E Acetazolamide and triamterene are not used in heart 
failure because they are much less effective than loop 
diuretics. 

C Mannitol is absolutely contraindicated in patients with 
heart failure. 

F All thiazides and thiazide-like drugs are sulfonamides 
and are therefore relatively contraindicated in a patient who 
experienced a serious allergic reaction to a sulfonamide drug 
even though the risk of an allergic reaction after administra- 
tion of a thiazide diuretic in a patient with sulfonamide hy- 
persensitivity appears to be very low. Moreover, the patient 
had stage C heart failure, and loop diuretics are usually nec- 
essary to restore and maintain euvolemia. 


Learning objective: Explain the molecular mechanism of act ion of 
potassium-sparing diuretics. 

23. B Potassium-sparing diuretics are administered in cases of 
hypokalemia, which may occur in laxative abusers, as in this 
case. Epithelial cells in the late distal tubule and collecting 
duct have luminal membrane Na + channels that provide a 
conductive pathway for the entry of Na + into the cells down 
an electrochemical gradient created by the basolateral Na + /K + 
pump. This entry creates a lumen-negative potential that 
supplies a driving force for the secretion ofK + into the lumen 
through K + channels located in the luminal membrane. Tri- 
amterene and amiloride block Na + channels in the late distal 
tubule and collecting duct. Because K + secretion is coupled 
with Na + entry in these segments, the blockade ofNa + chan- 
nels causes a K + -sparing effect. 

A, C-E See correct answer explanation. 

Learning objective: Describe the therapeutic uses of spirono- 
lactone. 

24. F The signs of the patient and lab results indicated that he 
was most likely suffering from primary hyperaldostero- 
nism due to adrenal hyperplasia, which is more common in 
elderly men. Unlike adrenal adenoma, surgery is not rec- 
ommended for bilateral adrenal hyperplasia; the hyperaldo- 
steronism usually can be controlled by spironolactone, an 
aldosterone receptor antagonist. However, about 50%of such 
patients need additional antihypertensive treatment. 

A-C These diuretics are contraindicated, as they can 
worsen the hypokalemia and the metabolic alkalosis. 

D, E Patients with primary hyperaldosteronism usually 
need antihypertensive treatment, but fenoldopam and nitro- 
prusside are used only in hypertensive emergencies. 

Learning objective: Describe the therapeutic uses of spirono- 
lactone. 

25. CThe history and symptoms of the patient suggest that he 
has been suffering from liver cirrhosis. Moreover, the low K + 
and high bicarbonate levels suggest that high levels of aldo- 
sterone are present. Secondary hyperaldosteronism is com- 
mon in advanced liver cirrhosis for the following reasons: 

• Ascites-induced hypovolemia activates the renin-angio- 
tensin-aldosterone system. 

• Liver metabolism of aldosterone is reduced because of 
liver impairment. 

• Hypoalbuminemia is a known consequence of liver cir- 
rhosis. Because aldosterone is highly bound to albumin, 
cirrhotic patients have a higher free, active concentration 
of aldosterone. 

Spironolactone is an aldosterone receptor antagonist and 
therefore is a rational diuretic choice. 




A, B, D All of these diuretics would cause hypokalemia, 
which would worsen the disease. A thiazide or furosemide 
can be added to spironolactone if diuresis remains insuffi- 
cient after 4 or more days of increasingly large doses of 
spironolactone. 

E Triamterene is a potassium-sparing diuretic, like spiro- 
nolactone, but is not an aldosterone antagonist. 

Learning objective: Describe the therapeutic uses of osmotic 
diuretics. 

26. A Osmotic diuretics are often given to patients with a brain 
tumor before and after neurosurgery to reduce cerebrospi- 
nal fluid volume and therefore intracranial pressure. These 
drugs cannot cross the blood-brain barrier, and they en- 
hance the diffusion of water back into the plasma by elevat- 
ing plasma osmolality. 

B, C Other diuretics are useless in decreasing intracranial 
pressure. 

D, E Increased intracranial pressure often causes hyper- 
tension and bradycardia. Drugs that decrease the heart rate 
are therefore contraindicated. 

Learning objective: Describe the therapeutic uses of osmotic 
diuretics. 

27. C Hyperosmotic agents such as mannitol can lower intra- 
ocular pressure by creating an osmotic gradient between the 
ocular fluid and plasma. They are used to decrease intraoc- 
ular pressure before and after iridotomy and, together with 
other drugs that lower intraocular pressure, in acute attacks 
of glaucoma. 

A, B, D Furosemide, triamterene, and hydrochlorothiazide 
do not reduce intraocular pressure. 

E, F Homatropine and phenylephrine are actually con- 
traindicated in glaucoma, as they can increase intraocular 
pressure. 

Learning objective: Describe the therapeutic uses of antidiuretic 
hormone antagonists. 

28. CThe signs and lab values of this patient suggest the diag- 
nosis of syndrome of inappropriate antidiuretic hormone 
secretion (SIADH), which is usually characterized by hy- 
pervolemic (or sometimes normovolemic) hyponatremia, 
low serum osmolality, and urine osmolality higher than 
serum osmolality. The syndrome is associated with myriad 
disorders, including chronic treatment with tricyclic anti- 
depressants, as in this case. The majority of patients with 
SIADH do not require therapy because plasma Na + usually 
stabilizes in the range of 125 to 130 mEq/L; these patients 


are asymptomatic. However, when plasma Na + is more than 
120 mEq/D and symptoms supervene, as in this case, therapy 
should be initiated. Because the syndrome is due to exces- 
sive ADH secretion, the use of an ADH antagonist, conivaptan, 
is a rational choice. Patients with very high urine osmolality 
(like this patient) benefit most from ADH antagonists. 

A, B, D-F These drug are useless or even dangerous in 
SIADH. 

Learning objective: Describe the therapeutic uses of loop and 
potassium-sparing diuretics. 

29. B The majority of patients with cardiac failure will require 
the chronic administration of a loop diuretic to maintain 
euvolemia. However, these drugs cause hypokalemia, which 
increases the risk of adverse effects with cardiac glycosides. 
In fact, a decrease in serum K + concentration increases the 
binding of cardiac glycosides to Na + /K + ATPase. The con- 
current administration of potassium-sparing diuretics such 
as spironolactone will prevent furosemide-induced hypo- 
kalemia. 

A This combination would prevent the thiazide-induced 
metabolic alkalosis (as acetazolamide tends to cause acido- 
sis) but does not prevent hypokalemia. 

C Potassium-sparing diuretics have low diuretic efficacy 
and therefore are not suitable for treating a patient with car- 
diac failure. 

D, E Mannitol is absolutely contraindicated in heart failure 
because the resulting extracellular volume expansion can 
cause a dangerous circulatory overload. 

Learning objective: Identify the drugs that can cause hyper- 
kalemia. 

30. D The history and the signs of the patient (extreme brady- 
cardia) suggest that he was most likely suffering from hy- 
perkalemia due to several causes. He received amiloride, a 
potassium-sparing diuretic, and captopril, which indirectly 
decreases aldosterone formation, thus hindering the body’s 
ability to counteract the hyperkalemia (normally, a small 
increase in K + concentration will increase aldosterone se- 
cretion several fold). The patient was also treated with 
propranolol and ibuprofen. Beta-blockers can cause hyper- 
kalemia by suppressing renin release and by decreasing K + 
uptake by skeletal muscle, and nonsteroidal antiinflammatory 
drugs can cause hyperkalemia by reducing renal K + excre- 
tion. The patient was also taking furosemide, but the hypo- 
kalemic action ofthe furosemide most likely was not enough 
to counteract all the hyperkalemic actions mentioned above. 

A-C, E, F See correct answer explanation. 




learning objective: Describe the use of thiazides to prevent kid- 
ney stone production. 

31. B Thiazide diuretics decrease urinary Ca 2+ excretion and 
therefore are often used in cases of kidney stones and idio- 
pathic hypercalciuria. 

A Carbonic anhydrase inhibitors such as acetazolamide 
have negligible effects on the urinary excretion of Ca 2+ . 

C Loop diuretics such as furosemide increase urinary 
Ca 2+ excretion. 

D, E Potassium-sparing diuretics such as triamterene and 
spironolactone decrease Ca 2+ excretion, but their action is 
weak, and they are not used for idiopathic hypercalciuria. 

Learning objective: Explain the relationship between the phar- 
macokinetics of diuretics and their concentration at the site of 
action. 

32. Ain order to act, all diuretics must reach a certain concen- 
tration in the tubular lumen, as the tubular cells in different 
parts of the nephron are the molecular targets of these 
agents. The diuretics under study are given at the same dose 
and have the same plasma protein binding, which indicates 
that the same amount was filtered by the glomerulus. The 
reabsorption of the drug by the proximal tubule will be 


related to the lipid solubility in the urine. An acidic drug is 
mainly water soluble when its acid dissociation constant 
(pif a ) is less than the pH of the medium. Because the pH 
range of the urine is from 4.0 to 8.5, drug P will be the one 
with the lowest lipid solubility and be the least reabsorbed 
by the proximal tubule. This means that its concentration in 
the late distal tubule will be the highest. The four diuretics 
have equal affinity for the Na + /CL transporter, so their di- 
uretic effect will be proportional to their concentration at 
the site of action. 

B-D See correct answer explanation. 
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Answers and Explanations: IV-2 Drugs for Ischemic Heart Disease 


Questions 1-4 

1. A 

2. D 

3. G 

4. F 

Learning objective: Outline the actions leading to the therapeutic 

effect of nitrates in variant angina. 

5. B Nitrates dilate large epicardial vessels, thus increasing epi- 
cardial blood flow. This action is the most important for the 
therapeutic effect of these drugs in variant angina, which is 
characterized by coronary spasm. 

ABy causing venous dilation, nitrates can cause a decrease, 
not an increase, of left ventricular end-diastolic volume. 

C, ENitrates can cause reflex tachycardia and reflex increase 
in cardiac contractility, but these are detrimental, not thera- 
peutic, effects in patients with angina. 

D Nitrates can decrease diastolic perfusion time (as a con- 
sequence of reflex tachycardia), but this is a detrimental effect 
in patients with angina. 


foaming objective: Identify the site of action of verapamil. 

6. D Calcium channel blockers with heart activity, such as ver- 
apamil and diltiazem, act on voltage-gated channels in cardiac 
and smooth muscle cell membranes. The blockade of channels 
in cardiac muscle leads to a reduction in cardiac contractility 
and rate, whereas the blockade in vascular smooth muscle 
causes vasodilation, which in turn reduces the afterload of 
the heart. Both actions are useful for the therapeutic effect 
of these drugs in exertional angina. 

A These channels are not blocked by calcium channel 
blockers. 

B Calcium is exchanged between cytosol and mitochondria, 
which are storage sites for calcium, through specific mito- 
chondrial store-operated calcium channels, but these chan- 
nels are not blocked by calcium channel blockers. 

C, E Calcium channels in the sarcoplasmic reticulum are 
opened by depolarization and blocked by ryanodine. Calcium 
channel blockers affect these channels only at very high 
concentration. 




learning objective: Describe the peripheral vascular actions ofan- 
tianginal drugs. 

7. B The prescribed drug was most likely nifedipine, a drug of 
choice in variant angina. The symptoms were most likely due 
to a decrease in total peripheral resistance that in turn can 
induce dizziness (due to decreased cerebral blood flow) and 
palpitations (due to reflex tachycardia). These are two com- 
mon adverse effects of nifedipine. 

A Coronary vasodilation is a nifedipine effect but does not 
cause the symptoms reported by the patient. 

C A decrease in total peripheral resistance causes a de- 
crease, not an increase, of venous return to the heart. 

D A decrease in cardiac contractility cannot explain the 
palpitations reported by the patient. 

E Coronary steal is a phenomenon where an alteration of 
circulation patterns leads to a reduction in the blood directed 
to the coronary circulation. It is caused when there is narrow- 
ing of the coronary arteries (as in exertional angina), and an 
arteriolar vasodilator is used. This happens because the coro- 
nary arteries downstream of the narrowing are maximally 
dilated to compensate for the decreased upstream blood sup- 
ply. Thus, dilating the resistance vessels upstream of the nar- 
rowing causes blood to be shunted (stolen) away from the 
coronary vessels supplying the ischemic zones, creating more 
ischemia. The coronary steal phenomenon cannot occur in 
variant angina, where there is no anatomical narrowing but 
only an arterial spasm, and cannot explain the symptoms re- 
ported by the patient. 

learning objective: Describe the main potential detrimental ef- 
fects of nitrates in exertional angina. 

8. B By causing peripheral vasodilation, high doses of nitrates 
can induce reflex tachycardia, which in turn increases oxygen 
consumption. This detrimental effect can be prevented by the 
concomitant use of a (3-blocker. 

A, C, D These are all useful effects of nitrates in exertional 
angina. 

E Nitrates tend to decrease, not increase, ventricular end- 
diastolic volume. 

Learning objective: Describe the cardiovascular effects of anti- 
anginal drugs. 

9. C Arterial pressure (AP) is equal to stroke volume (SV) by 
heart rate (HR) by peripheral vascular resistance (PVR): 

AP = SV x HR x PVR . 

Nitrates mainly decrease SV (by dilating the large veins), 
calcium channel blockers mainly decrease HR and PVR, and 
(3-blockers mainly decrease HR and SV (by decreasing heart 
contractility). Therefore, all can lower the blood pressure. 


A Cardiac-active calcium channel blockers and (3-blockers 
decrease cardiac rate. On the contrary, nitrates and dihydro- 
pyridines have no direct effect on heart rate but can cause 
reflex tachycardia because of drug-induced vasodilation. 

B Cardiac-active calcium channel blockers and (3-blockers 
decrease cardiac contractility. Nitrates and dihydropyridines 
have no direct effect on heart contractility, but they can cause 
reflex increase in contractility because of drug-induced 
vasodilation. 

D Left ventricular end-diastolic volume is decreased by 
nitrates (because of the predominant venous vasodilation), 
but calcium channel blockers with heart activity and (3-block- 
ers tend to increase it because of the increased duration of 
diastole. 

E Ejection time is increased by calcium channel blockers 
with heart activity and (3-blockers due to the decrease 
in cardiac contractility, but it can be decreased by nitrates 
and dihydropyridines due to reflex increase in cardiac con- 
tractility. 

Learning objective: Outline the actions leading to the therapeutic 
effect of nitrates in pulmonary edema. 

10. A The signs and symptoms of the patient indicate that he 
is suffering from pulmonary edema. By increasing cyclic 
guanosine monophosphate production, nitrates cause relax- 
ation of both resistance and capacitance vessels, but relax- 
ation ofthe latter (especially large veins) is more pronounced, 
with standard therapeutic doses, probably because the en- 
zyme that converts nitrates to nitric oxide is more abundant 
in veins than in arteries. This venodilation reduces preload 
to the heart by pooling blood in the periphery, thus reduc- 
ing ventricular end-diastolic volume. In this way, pulmonary 
congestion is reduced, and pulmonary edema is relieved. 

B-D The nitrate-induced peripheral vasodilation tends to 
cause reflex tachycardia and reflex increase in cardiac con- 
tractility when high doses are given, but this would ad- 
versely affect pulmonary edema by increasing the pulmonary 
pressure. A decreased ventricular ejection time is usually 
the consequence of tachycardia, so it would adversely affect 
pulmonary edema. 

E By causing arteriolar vasodilation, nitrates also decrease 
afterload, but this action is less pronounced than the venous 
vasodilation. Thus, the decreased afterload is not the main 
reason for the therapeutic efficacy of nitrates in pulmonary 
edema. 

FNitrates decrease platelet aggregation, but this is not the 
reason that they are effective in treating pulmonary edema. 




learning objective: Discuss the risk of abrupt withdrawal from 

nitrate therapy. 

1 1 . CLong-term nitrate therapy should be discontinued gradu- 
ally, as there is clinical evidence that severe myocardial 
ischemia may occur in persons withdrawing suddenly from 
long-term organic nitrate exposure. 

A Unlike unstable angina, stable exertional angina very 
rarely progresses to myocardial infarction. Moreover, the 
fact that the patient had no attacks during the past month 
indicates that the therapy was appropriate. 

B, D Unlike cimetidine, famotidine has no inhibitory ef- 
fects on drug metabolism. 

E Atoo-high dose of nitrates may cause reflex tachycardia 
by reducing the blood pressure, but this is unlikely in this 
patient because he was receiving verapamil, which actually 
decreases the heart rate. 

learning objective: Describe nitrate-induced postural hypotension. 

12. BNitrates can cause postural hypotension because venodi- 
lation decreases preload. In fact, insufficient left ventricular 
end-diastolic volume (due to decreased venous return, hy- 
povolemia, etc.) is the most common cause of postural hy- 
potension. Postural hypotension is even more likely in this 
patient because her blood pressure is low. 

A Nitrates tend to cause bronchodilation, so cough and 
wheezing are unlikely. 

C Nitrates tend to cause reflex tachycardia, not bradycardia. 

D Nitrates very rarely cause methemoglobinemia when 
given at therapeutic doses. To get this effect, the doses given 
must be huge. However, therapeutic doses of nitrites can 
cause methemoglobinemia. 

ENitrates tend to cause relaxation ofthe gut smooth mus- 
cle, so diarrhea is unlikely. 

FNitrates decrease platelet aggregation, so venous throm- 
bosis is unlikely. 

learning objective: Describe the main adverse effects of (3-blockers. 

13. A All the symptoms reported by the patient are classic ad- 
verse effects of (3-blockers. These drugs block (3 0 -mediated 
vasodilation and cause a reflex vasoconstriction because of 
the decreased cardiac output. These actions can account for 
the blanching of the fingers when exposed to cold. Fatigue is 
likely due to decreased cardiac output. The other effects are 
centrally mediated, but the mechanisms are still uncertain. 

B-E The other listed drugs do not cause all the effects re- 
ported by the patient. 


Learning objective: Discuss the problem of tolerance develop- 
ment to nitrates. 

14. B Tolerance to nitrates does occur. Because it appears rapidly 
(24 hours) and disappears rapidly (6 to 1 0 hours), brief peri- 
ods of no therapy (overnight) can be sufficient to permit re- 
covery, but this patient was continuously receiving the drug. 

A Vasospastic angina complicating exertional angina is an 
unlikely possibility. 

C Nitroglycerin does not induce the cytochrome P-450 
system. 

D Anginal attacks disappeared completely during the first 
week of therapy, so the dosage was most likely appropriate. 

E Transdermal bioavailability of nitroglycerin is 50 to 90% 
and does not change over time. 

Learning objective: Choose the appropriate antianginal therapy 
for a patient with concomitant diseases. 

15. D Calcium channel blockers are considered drugs of first 
choice in variant angina. Moreover, in the present case: 

A A brain tumor is likely to increase the intracranial pres- 
sure, so nitrates are contraindicated. 

B, C The atrioventricular (AV) block also contraindicates 
drugs that tend to decrease atrioventricular conduction, 
such as verapamil and diltiazem. 

E Beta-blockers such as propranolol are not effective in 
variant angina, and they may be dangerous by causing coro- 
nary vasoconstriction. Moreover, they are contraindicated 
in this case because ofthe AVblock. 

foaming objective: Explain the main approaches to combination 
therapy for angina. 

16. E The patient’s current symptoms are most likely due to 
nitrate therapy. The addition of a cardiac-active calcium 
channel blocker such as diltiazem can attenuate the nitrate- 
induced reflex tachycardia and reflex increase in cardiac 
contractility. Moreover, in this patient: 

A, D Because anginal attacks are not completely prevented, 
it is useless to reduce nitrate dosage, which would decrease 
adverse effects but also decrease therapeutic effects. 

B Beta-blockers such as propranolol are relatively contra- 
indicated in patients receiving insulin treatment, because 
they can mask some symptoms of hypoglycemia and inhibit 
gluconeogenesis, thus impairing the body’s capacity to re- 
cover from hypoglycemia. 

C Nifedipine could increase palpitations because it can 
cause reflex tachycardia. 




learning objective: Discuss the risk of abrupt withdrawal from 

(3-blocker therapy. 

17. B Abrupt discontinuation of (3-blockers such as propranolol 
can precipitate myocardial infarction and can increase the 
risk of sudden death in cardiac patients. The underlying 
mechanism is unclear, but it is well established that there is 
enhanced sensitivity to (3-adrenoceptor agonists in patients 
who have undergone long-term treatment with p-blockers, 
likely due to upregulation of p receptors. Abrupt withdrawal 
from the p-blocker allows an increased number of receptors 
to be exposed to norepinephrine. This supersensitivity can 
be attenuated by tapering the dose of the p-blocker for sev- 
eral weeks before discontinuation. 

A, C-E All of the other listed drugs do not cause abrupt 
withdrawal symptoms. 

learning objective: Describe the interaction between nitrates and 

sildenafil. 

18. C Erection requires relaxation of the nonvascular smooth 
muscle of the corpora cavernosa. Sildenafil is used in erectile 
dysfunction because it inhibits isoform 5 of phosphodiester- 
ase, which is found in high concentration in smooth muscle 
cells of the corpora cavernosa. This increases the concentra- 
tion of cyclic guanosine monophosphate (cGMP), which in 
turn stimulates the dephosphorylation of the myosin light 
chain. Because ofthis mechanism of action, sildenafil poten- 
tiates the action of nitrates (which also cause an increase in 
cGMP), and severe hypotension and a few myocardial infarc- 
tions have been reported in men using both drugs. 

B Nitroprusside can cause an increase in cGMP, and its 
actions are potentiated by sildenafil, but the drug is not used 
to treat angina. 

A, D, E None of these drugs have actions potentiated by 
sildenafil. 

learning objective: Describe the main adverse effects of nitrates. 

19. D The dose of nitroglycerin given to this patient was likely 
too high, as the symptoms the patient is referring to are clas- 
sic for nitrate toxicity. 

A-C Beta-blockers such as propranolol, verapamil, and 
diltiazem tend to decrease heart rate, so palpitations are 
unlikely. 

E Nifedipine can cause all the adverse effects reported by 
the patient. However, all calcium channel blockers are con- 
traindicated in gastroesophageal reflux disease because they 
tend to relax the lower esophageal sphincter. 

learning objective: Outline the actions leading to the therapeutic 

effect of nifedipine in variant angina. 

20. E The signs and symptoms of the patient indicate that she 
was most likely suffering from variant angina. Nifedipine 
is a dihydropyridine calcium channel blocker that causes 


vasodilation by blocking L-type calcium channels in smooth 
muscle membranes. The antianginal effect of both calcium 
channel blockers and nitrates in variant angina is mainly due 
to coronary vasodilation, which in turn increases oxygen 
supply to the heart. Today, calcium channel blockers are 
considered the drug of choice to prevent attacks of variant 
angina that are characterized by coronary spasms. Dihydro- 
pyridines, verapamil and diltiazem, are considered equally 
efficacious in this disease. 

A Because dihydropyridines are mainly arteriolar vasodi- 
lators, they minimally affect preload. 

B Dihydropyridines decrease afterload, but this is not the 
main mechanism of antianginal action in variant angina. In 
fact, by decreasing either preload or afterload, the oxygen 
demand of the heart is decreased, which is good in case of 
exertional angina. By contrast, an increase in oxygen supply 
is needed in variant angina, and this can be accomplished 
only by coronary vasodilation. 

C, D In therapeutic doses, dihydropyridines have no direct 
effect on the heart. Large doses can cause a reflex increase 
in cardiac contractility and rate, but these are not useful ac- 
tions in a patient with angina. 

learning objective: Describe the use of nitroglycerin in myocardial 
infarction. 

21. CRecent studies have reinvestigated the use of nitrate ther- 
apy in myocardial infarction (MI) in the setting of concomi- 
tant thrombolytic therapy and aspirin administration. The 
pooled effects from several studies have shown a small but 
statistically significant decrease in mortality in patients re- 
ceiving nitrates. Therefore, intravenous nitroglycerin is cur- 
rently recommended for routine use during the first 24 to 48 
hours in most patients with MI, particularly if they have 
signs of acute heart failure (impending pulmonary edema) 
and are hypertensive, as in this case. 

A Epinephrine is contraindicated in MI because it in- 
creases cardiac work and oxygen demand. 

B Intravenous (3-blockers such as metoprolol given within 
the first few hours after onset of MI improve prognosis by 
reducing infarct size and incidence of ventricular fibrilla- 
tion. In this case, however, they are contraindicated because 
of bradycardia and the impending pulmonary edema (these 
patients are dependent on sympathetic activation to in- 
crease the heart rate and to maintain blood pressure to vital 
organs). 

D Verapamil and diltiazem have been shown to reduce the 
rate of reinfarction and death in patients with preserved left 
ventricular function, but they are contraindicated in this 
case because of bradycardia and signs of cardiac failure. 

E Dihydropyridines such as nefedipine have been uniformly 
unsuccessful in reducing either mortality or reinfarction in 
patients with MI. 



learning objective: Choose the appropriate drug therapy for a 
patient with subarachnoid hemorrhage. 

22. E Subarachnoid hemorrhage should always be considered in 
patients who present with headache and syncope. The diag- 
nostic test of choice for this disease is computed tomography 
scan, which has a sensitivity greater than 90% Delayed isch- 
emic deficit due to vasospasm is the most common cause 
of morbidity and mortality following subarachnoid hemor- 
rhage. Nicardipine is a calcium channel blocker with some 
affinity for cerebral blood vessels and is used by intravenous 
infusion to prevent cerebral vasospasm associated with sub- 
arachnoid hemorrhage or stroke. 

A All of the other calcium channel blockers, including ver- 
apamil, lack selectivity for cerebral blood vessels and there- 
fore are not indicated in subarachnoid hemorrhage. 

B-D, F All of these drugs are useless or dangerous in sub- 
arachnoid hemorrhage. 

learning objective: Explain the molecular mechanism of the anti- 
anginal action of nitrates. 

23. C Nitrates release free nitrite ions, which in turn are con- 
verted to nitric oxide. Nitric oxide causes the activation 
of guanylyl-cyclase, thereby causing an increase in cyclic 
guanosine monophosphate. This second messenger causes 
dephosphorylation of the myosin light chain. Myosin is no 
longer able to interact with actin, and vascular smooth mus- 
cle relaxes. 

ANitrite ions are converted to nitric oxide, not to N 0 O. 

B Intracellular Ca 2+ concentration is actually reduced by 
nitrates. 

C The synthesis of guanylyl cyclase is actually increased, 
not decreased, by nitrates. 

E Phosphorylation of myosin light chain kinase would in- 
crease, not decrease, smooth muscle contraction. 

Learning objective: Choose the appropriate antianginal therapy 
for a patient with concomitant diseases. 

24. D A long-acting nitrate, a (3-blocker, or a calcium channel 
blocker can all be used for exertional angina prophylaxis. 
However, in this patient 

A Propranolol is contraindicated because of the chronic 
obstructive pulmonary disease. 

B, C, E Calcium channel blockers relax the lower esopha- 
geal sphincter and therefore should be avoided in the pres- 
ence of gastroesophageal reflux disease. 

Learning objective: Explain the main reasons for combination 
therapy of angina. 

25. BBecause the three classes of antianginal drugs use different 
mechanisms of actions, a combination of two of these agents 
may increase the effectiveness and reduce the incidence of 


adverse effects. Sometimes (3-blockers are administered with 
nitrates in the therapy of exertional angina because 

• Beta-blockers can offset the nitrate-induced increase in 

cardiac contractility and rate. 

• Nitrates can prevent the (3-blocker-induced increase in 

end-diastolic volume and ejection time. 

A Beta-blockers cause vasoconstriction of coronary ves- 
sels, mainly as a consequence of the reduced heart rate. 

C Beta-blockers do not prevent the nitrate-induced de- 
crease in arterial pressure. Moreover, this is a useful effect 
of nitrates, and it would be irrational to prevent it. 

D, E Nitrates counteract, not enhance, the effect of pro- 
pranolol on cardiac rate and contractility. 

Learning objective: Describe the use of (3 -blockers in the post- 
discharge therapy of myocardial infarction. 

26. E Beta-blocker therapy after a myocardial infarction should 
be continued indefinitely (unless there are contraindications 
or adverse effects supervene) because of proven long-term 
morbidity and mortality benefits. 

A-D See correct answer explanation. 

Learning objective: Describe the adverse effects of calcium chan- 
nel blockers and nitrates. 

27. A Calcium channel blockers sometimes are added to ni- 
trates to attenuate the nitrate-induced tachycardia. Throb- 
bing headache is a typical adverse effect of nitrates, and 
severe constipation is a typical adverse effect of verapamil. 

B-D Nitrates and (3-blockers do not cause severe con- 
stipation. 

E Beta-blockers and verapamil do not cause throbbing 
headache (in fact, both are used in the therapy of headache). 

Learning objective: Choose the appropriate antianginal therapy 
for a patient with hypertrophic cardiomyopathy. 

28. D Calcium channel blockers acting on the heart and (3-blockers 
(alone or in combination) are the treatment of choice in an- 
gina associated with hypertrophic cardiomyopathy. In this 
disease, there is a marked hypertrophy and thickening of the 
upper interventricular septum below the aortic valve. During 
systole, the septum thickens, and the anterior leaflet of the 
mitral valve is sucked toward the septum, producing outflow 
tract obstruction. The major consequence of hypertrophy is 
that the stiff, noncompliant ventricle resists diastolic filling. 
Beta-blockers and calcium channel blockers decrease myo- 
cardial contractility. This action increases ventricular com- 
pliance and decreases outflow obstruction. Beta-blockers and 
calcium channel blockers acting on the heart also slow the 
heart rate, which allows a more complete diastolic filling. 

A-C Nitrates, as well as other drugs that reduce preload 
(diuretics, angiotensin-converting enzyme [ACE] inhibitors, 




etc.), are contraindicated in this disease because they de- 
crease the already deficient ventricular end-diastolic volume. 

E Dihydropyridines are devoid of cardiac activity and 
therefore are not useful in hypertrophic cardiomyopathy. 
ACE inhibitors are relatively contraindicated in this disease 
because they can reduce preload. 

learning objective: Describe the use of calcium channels blockers 
in Raynaud phenomenon. 

29. CThe signs and symptoms of the patient suggest the diag- 
nosis of Raynaud phenomenon, a vasospasm of part of the 
hand in response to cold, emotional stress, or vibration 
(which is likely a causal factor in this case). The disorder can 
be primary or secondary to several pathological conditions 
(mostly connective tissue disorders). Nifedipine has become 
the arteriolar vasodilator of choice in patients with Raynaud 
phenomenon not controlled by conservative measures. 

A, B, D-F These drugs are not used for the therapy of Ray- 
naud phenomenon. 

learning objective: Explain why (3-blockers can decrease mortality 
in myocardial infarction. 

30. C Several studies have shown that (3-blockers decrease in- 
farct-associated mortality (by about 25%when given in the 
first 2 days and by about 1 3 %when given later). They reduce 
myocardial remodeling (an increase in myocardial mass that 
is enhanced by catecholamines and angiotensin II). They also 


decrease myocardial oxygen demand (by decreasing heart 
contractility and rate) and the risk of ventricular fibrillation 
(by decreasing heart conduction and automaticity), and they 
limit the infarct size, thus decreasing the risk of myocardial 
rupture. 

A By decreasing heart contractility and rate, (3-blockers 
decrease, not increase, myocardial oxygen supply. 

B Beta-blockers decrease atrioventricular conduction, but 
this is not a major factor contributing to reduced mortality. 

D Beta-blockers can increase systemic vascular resistance 
(by blocking (3 0 receptors in the vascular smooth muscle), 
but this would increase mortality. 

E Beta-blockers can increase left ventricular end-diastolic 
pressure (if given in too high doses, due to the increased dia- 
stolic time), but this would increase mortality. 
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Answers and Explanations: IV-3 Drugs for Cardiac Failure 


Questions 1-5 

1. F 

2. C 

3. I 

4. G 

5. B 

learning objective: Explain the molecular mechanism of act ion of 

digoxin. 

6. B At the molecular level, all cardiac glycosides inhibit Na + /K + 
ATPase, the membrane-bound transporter called the sodium 
pump. The increased amount of sodium inside the cell in- 
hibits the Ca 2+ /Na + exchanger, an antiporter that uses the 
electrochemical potential for Na + to drive Ca 2+ extrusion. The 
consequence of this inhibition is that less Ca 2+ is removed 
from the cell. The increased intracellular calcium is stored 
in the sarcoplasmic reticulum during diastole, so a greater 
amount of Ca 2+ is released from the sarcoplasmic reticulum 
during systole. 

A Digitalis glycosides at high concentration can open, not 
close, cardiac calcium channels. 


C, D See correct answer explanation. 

E Digitalis glycosides have no direct effect on potassium 
channels. 

learning objective: Identify the main receptors involved in the 
therapeutic effect of digoxin in atrial fibrillation. 

7. B Digoxin is still used in persistent atrial fibrillation (although 
it is no longer a first-line therapy) because it can decrease the 
atrioventricular conduction, thus decreasing the high ventric- 
ular rate. This is accomplished by a stimulation of vagal activity 
due to 

• Stimulation of vagal nuclei in the brainstem 

• Sensitization of carotid sinus baroreceptors 

• Facilitation of muscarinic transmission at the cardiac mus- 
cle cells. 

The receptors involved in vagal activity on the heart are 
mainly muscarinic. 

A, C-E See correct answer explanation. 




learning objective: Describe the cardiac actions ofdigoxin. 

8. E Digoxin decreases heart rate both in the normal and the 
failing heart (unless toxic effects of the drug supervene) due 
to decreased atrioventricular (AV) conduction, which is a 
consequence of a direct action and of a parasympathomi- 
metic action on the AV node. 

A By increasing contractility, digoxin decreases, not in- 
creases, the end-systolic volume. 

B Digoxin dose-dependently increases abnormal cardiac 
automaticity, as indicated by the many varieties of arrhyth- 
mia caused by the drug. 

CBy causing bradycardia, digoxin increases, not decreases, 
the diastolic time. 

D Atrial refractoriness is decreased, not increased, by di- 
goxin, due to both a direct action and a parasympathomi- 
metic action of the drug. 

learning objective: Describe the hemodynamic actions ofdigoxin 
in the failing heart. 

9. A The increase in stroke volume is a direct consequence of 
the positive inotropic action of digitalis glycosides. 

B Digoxin can cause peripheral vasoconstriction in the 
normal subject, but in patients with cardiac failure, digoxin 
causes peripheral vasodilation because the increased cardiac 
output offsets the reactive vasoconstriction. 

C Digoxin actually decreases oxygen consumption in the 
failing heart because 

• Increased contractility reduces the left ventricular end- 
diastolic volume and the associated stretch of the cardiac 
fibers (oxygen consumption of the heart is directly pro- 
portional to the stretch of the cardiac fibers). 

• Increased cardiac output offsets the tachycardia induced 
by the sympathetic activation. 

D, E See explanation C. 

learning objective: Describe the hemodynamic actions of cardiac 
glycosides in the failing heart. 

10. B An inotropic drug increases the force of heart contraction; 
therefore, a higher fraction of the end-diastolic volume is 
ejected during systole. Consequently, the end-systolic vol- 
ume (i.e., the volume of blood remaining in the ventricle at 
the end of the systole) is decreased. 

A All inotropic drugs increase, not decrease, the stroke 
volume. 

C The end-diastolic volume is the sum of the end-systolic 
volume plus the stroke volume. Because the stroke volume 
is increased and the end-systolic volume is decreased by 
inotropic drugs, the end-diastolic volume is not significantly 
changed. 


D Digoxin increases, not decreases, the systolic blood pres- 
sure in patients in cardiac failure because of the increase in 
cardiac output. 

E Pulse pressure may be sharply decreased in patients 
with cardiac failure because of the decrease in stroke vol- 
ume, the main determinant of pulse pressure. Moreover, 
diastolic pressure is normal or increased because of sympa- 
thetic activation. By increasing cardiac contractility, digoxin 
increases the stroke volume and offsets the reactive, sym- 
pathetically mediated vasoconstriction. Therefore, the pulse 
pressure is increased, not decreased. 

Learning objective: Calculate the maintenance dose of digoxin, 

given sufficient data. 

1 1 . C Amaintenance dose of a drug is given by 

D = (C s xCL)/ F, 

where D is dose, C is concentration at steady state, CL is 
clearance, and F is oral bioavailability. 

Therefore: 

Dose = (1 pg/Lx 717h)/0.7 = 10 pg/h = 0.24 mg daily 

A, B, D-F See correct answer explanation. 

Learning objective: Describe the main adverse effects ofdigoxin. 

12. CThe most solid indication for digoxin is still the combina- 
tion of chronic cardiac failure with atrial fibrillation. Because 
of its direct atrioventricular (AV) blocking effects and vago- 
mimetic properties, digoxin reduces the number of impulses 
conducted through the AV node and therefore controls the 
ventricular response rate in patients with atrial fibrillation. 
Most likely, digoxin was included in the patient’s manage- 
ment, and the symptoms ofthe patient are classic symptoms 
of digitalis toxicity. 

A, B Verapamil and propranolol can control the ventric- 
ular response rate in patients with atrial fibrillation by 
decreasing AV conduction. However, they do not cause the 
patient’s symptoms. 

D, E Lidocaine and furosemide do not decrease AV con- 
duction and are of no value in atrial fibrillation. 

Learning objective: Outline the therapy for digoxin -induced atrio- 
ventricular block. 

13. C Digoxin-induced atrioventricular (AV) block is most likely 
due, at least in part, to the parasympathomimetic action of 
digoxin. Therefore, treatment with atropine and a reduction 
of the digoxin dose is a rational therapeutic approach. 

AMilrinone is used only for short-term intravenous treat- 
ment of patients with end-stage heart failure. 

B Because physostigmine is a cholinergic drug, it would 
worsen the AVblock. 



D To discontinue digoxin would be irrational because the 
ongoing therapy was effective. Moreover, metoprolol is con- 
traindicated in the presence of AVblock. 

E Beta-adrenergic agonists are used only for short-term 
intravenous treatment of patients with acute cardiac failure. 
Additionally, even if a (3-adrenergic agonist can increase the 
ventricular rate in patients with AVblock due to increased 
vagal activity, it would be acting as a physiological antago- 
nist of the acetylcholine-mediated effect. In this case, atro- 
pine is a much better choice, as a pharmacological antagonist 
is superior to a physiological antagonist in most cases. 

F See answer explanation D. 

learning objective: Describe the factors that enhance the risk of 

digoxin toxicity. 

14. D Ventricular tachycardia is a serious adverse effect of di- 
goxin. The patient’s reduced renal function (see the creati- 
nine serum level) most likely decreased the renal excretion 
of digoxin, thus increasing the risk of adverse effects. Di- 
goxin toxicity is enhanced by many factors, including hyper- 
calcemia, which accelerates the overloading of intracellular 
calcium stores. Increased intracellular calcium appears to 
be responsible for an increased abnormal automaticity. 

A-C, E See correct answer explanation. 

Learning objective: Describe the therapy of digoxin toxicity. 

15. A The patient’s symptoms (nausea and vomiting), as well as 
the arrhythmia shown by the electrocardiogram, are classic 
signs of digoxin toxicity. Furosemide treatment most likely 
caused hypokalemia, which is a well-recognized predispos- 
ing factor to digoxin toxicity. In fact, in patients with serum 
K + of 3 mEq/D the dose of digoxin needed to produce toxicity 
is about one half of that needed in patients with serum K + of 
5 mEq/L. Moreover, the patient had reduced renal function 
(see the creatinine serum level), which most likely decreased 
the renal excretion of digoxin. Potassium supplementation 
is the rational therapy for hypokalemia. The dose of digoxin 
must also be reduced because of the renal insufficiency. 

BThis strategy would be used when digoxin toxicity is due 
to excessive parasympathomimetic activity ofthe drug, which 
is usually suggested by the presence of severe bradycardia or 
by an atrioventricular block. 

CThis option is irrational; a reduced digoxin dose would, 
of course, reduce toxicity, but an increased furosemide dose 
would worsen the hypokalemia. 

D Digoxin was effective for 1 year, which indicates that the 
heart failure was serious enough to require an inotropic drug. 
Therefore, it would be irrational to withdraw an inotropic 
medication. 

E Milrinone is an effective inotropic drug, but because of 
its toxicity, it is used only when other drugs are not able to 


improve the symptoms of the disease. When a drug is effec- 
tive but causes adverse effects, as in this case, the first thing 
to do is to adjust the dosage. 

Learning objective: Describe digoxin-induced arrhythmias. 

16. BA patient with severe systolic dysfunction was most likely 
receiving cardiac therapy that included digoxin. The patient 
probably developed acute renal failure (as indicated by the 
sudden anuria) that substantially increased the toxicity of 
digoxin. In fact, the patient’s symptoms are typical of so- 
called digitalis delirium. 

A, C-E These drugs do not cross the blood-brain barrier, so 
central effects are unlikely. 

F Albuterol crosses the blood-brain barrier and may cause 
feelings of apprehension and anxiety but not the symptoms 
exhibited by the patient. 

learning objective: Describe the factors that enhance the risk of 

digoxin toxicity. 

17. EThe patient is suffering from hypothyroidism, as indicated 
by the low thyroxine (T 4 ) and high thyroid-stimulating hor- 
mone (TSH) levels. Hypothyroidism increases the risk of di- 
goxin toxicity because elimination of digoxin is decreased, 
and the heart is more sensitive to digoxin. 

A Hypomagnesemia, not hypermagnesemia, can increase 
digoxin toxicity. 

B Hyperaldosteronism is unlikely, as potassium levels are 
normal. 

C Hyperparathyroidism is unlikely, as calcium levels are 
normal. 

D Concomitant furosemide treatment can increase digoxin 
toxicity mainly by causing hypokalemia, but this is unlikely 
in this case, as the patient has been receiving furosemide 
and digoxin for several months without adverse effects, and 
potassium levels are normal. 

learning objective: Describe the treatment for digoxin poisoning. 

18. E The patient’s history and symptoms indicated that the 
patient attempted suicide by ingesting several digoxin tab- 
lets. The best way to treat digoxin poisoning is to administer 
digoxin antibodies (digoxin immune Fab) that bind digoxin 
with very high affinity, thus removing the drug from its 
tissue-binding sites. This approach is extremely effective 
in reversing digoxin intoxication. 

A-D, F All of these drugs may be used in digoxin toxicity to 
treat specific digoxin-induced cardiac symptoms (e.g., lido- 
caine in case of ventricular tachycardia and atropine in case 
of atrioventricular block). However, when poisoning is se- 
vere and many body functions are seriously affected (see the 
psychic symptoms of the patient), digoxin antibodies must 
be administered first. 




learning objective: Describe the main contraindication ofdigoxin. 

19. CDigoxin is relatively contraindicated in patients with signif- 
icant atrioventricular (AV) block because the drug decreases 
AV conduction via both parasympathomimetic actions and 
a direct depressive effect on the AV node. Moreover, digoxin 
is not indicated for mild cardiac failure. Because the patient 
is hypertensive, all the other listed drugs are appropriate for 
initial heart failure or for hypertension. 

A, B, D-F See correct answer explanation. 

Learning objective: Describe a digoxin-drug interaction of clinical 
importance. 

20. B Broad-spectrum antibiotics such as erythromycin can in- 
crease the oral bioavailability of digoxin because they kill 
bacteria present in normal intestinal flora (mainly Eubacte- 
rium lentum ) that are able to metabolize digoxin. This is a 
major and clinically important drug interaction with digoxin. 

A Although hypokalemia can increase digoxin toxicity, it is 
unlikely in this case because the patient has been receiving 
hydrochlorothiazide and digoxin for several months without 
adverse effects. 

C Hydrochlorothiazide can cause hypercalcemia, not hy- 
pocalcemia. 

D Captopril rarely decreases digoxin renal excretion, but it 
is unlikely in this case for the reasons explained above. 

E Although ibuprofen rarely decreases digoxin renal excre- 
tion, the effect is transient and clinically unimportant. 

Learning objective: Describe a digoxin-drug interaction of clinical 
importance. 

21. B The patient’s symptoms suggest digoxin overdose. Some 
antiarrhythmic drugs (e.g., quinidine, amiodarone, and ver- 
apamil) can substantially increase the plasma concentration 
of digoxin, leading to adverse effects. In fact, the plasma 
levels of digoxin can be doubled by concomitant treatment 
with amiodarone. The mechanism of the interaction is un- 
known and probably multifactorial. 

A Captopril-induced hyperkalemia is usually mild. A mild 
hyperkalemia actually counteracts most adverse effects of 
digoxin. 

C Amiodarone can decrease atrioventricular conduction, 
but this cannot explain the patient’s symptoms. 

D, E Th ese effects of furosemide do not increase digoxin 
toxicity. 

Learning objective: Identify a digoxin-drug interaction of clinical 
importance. 

22. B The patient’s symptoms are classic signs of digitalis toxic- 
ity. The fairly high dose of thiazide most likely caused hypo- 
kalemia and hypercalcemia, which are two well-recognized 
predisposing factors to digitalis toxicity. Twice as much 


digoxin is required to produce toxicity in patients with serum 
K + of 5 mEq/Las in those with a serum K + of 3 mEq/L. 

A Advanced age can increase the risk of digitalis toxicity, 
but this patient is not old (an old person is defined as 65 
years of age or more). 

C Hypernatremia is not a predisposing factor for digitalis 
toxicity. 

D, E There is no evidence to support these options. 

learning objective: Describe the hemodynamic actions ofdigoxin 
in the failing heart. 

23 . A By definition, cardiac reserve is the capacity of the heart 
to function well beyond its basal level. In cardiac failure, the 
heart is unable to increase its force of contraction when 
the demand for work is increased. Therefore, cardiac output 
might be adequate under resting conditions, but be insuffi- 
cient when the body is exercising. This would explain why 
dyspnea of exertion is one of the most common symptoms 
of cardiac failure. By increasing heart contractility, digoxin 
can increase the stroke volume under exercise; that is, it in- 
creases cardiac reserve. 

B An increase in cardiac contractility would cause coro- 
nary vasodilation, not vasoconstriction. 

C Oxygen consumption is decreased, not increased, in a 
failing heart under digoxin treatment because the increased 
contractility diminishes the stretch of cardiac fibers, which 
is the major determinant of oxygen consumption. 

D, E These cardiovascular parameters are decreased, not 
increased, by digoxin. 

learning objective: Explain the molecular mechanism of the posi- 
tive inotropic action of milrinone. 

24. A Apatient with acute decompensated heart failure usually 
needs positive inotropic agents. Because the patient was 
using (3-blockers, phosphodiesterase inhibitors are preferred 
over dobutamine. Phosphodiesterase inhibitors inhibit the 
cyclic adenosine monophosphate (cAMP) phosphodiester- 
ase 3 isozyme with a resulting increase in cAMP levels. The 
cascade of events that follows this increase is equal to that 
triggered by other inotropic drugs (pj agonists, glucagon, etc.), 
which also increase (although by a different mechanism) 
cAMP levels. It involves opening of voltage-gated Ca 2+ chan- 
nels, which in turn increases intracellular Ca 2+ levels. 

B Phosphodiesterase inhibitors do not inhibit the cyclic 
guanosine monophosphate (cGMP) phosphodiesterase iso- 
zyme. Also, the dephosphorylation of the myosin light chain 
would lead to relaxation, not contraction, of muscle cells. 

C The increased cAMP level does not trigger the opening 
of K + channels. Additionally, this opening would cause hy- 
perpolarization of the cell membrane, which would adversely 
affect myocyte contractility. 




learning objective: Explain the use of (3-blockers in diastolic car- 
diac failure. 

25. A Beta-blockers are drugs of choice in diastolic heart failure 
because 

• They slow the heart rate, thus allowing more time for 

complete ventricular filling. 

• They increase heart relaxation, thus counteracting the 

stiffness of the ventricular wall. 

• They reduce myocardial oxygen demand. 

B-D Inotropic drugs are usually contraindicated in dia- 
stolic heart failure because they do not relieve the high end- 
diastolic pressure and may induce arrhythmias. 

E Phenylephrine is a pure a agonist and would further 
increase the blood pressure. 

F Mannitol is an osmotic diuretic, which can be dangerous 
in patients with heart failure. 

foaming objective: Explain the use of (3-blockers in hypertrophic 
obstructive cardiomyopathy. 

26. B The history and exam results indicate that the patient 
was most likely suffering from hypertrophic obstructive car- 
diomyopathy, a disorder usually inherited in an autosomal 
dominant pattern. In this disease, the asymmetric hyper- 
trophy of the ventricular septum leads to left ventricular 
outflow obstruction. Syncope usually occurs after exercise, 
probably because the increased epinephrine causes an in- 
creased contractile function that worsens the obstruction 
and a decreased diastolic time that reduces diastolic ventric- 
ular filling. 

Other classic symptoms of the disease are angina (a lim- 
ited coronary blood flow reserve is present in hypertrophied 
states) and diastolic heart failure (due to the reduced com- 
pliance of the hypertrophied left ventricle). Beta-blockers and 
calcium channel blockers that act on the heart (verapamil 
and diltiazem) are drugs of choice in this disease, because 
they decrease cardiac contractility and increase diastolic ven- 
tricular filling. 

A, C-E All of the other listed drugs are contraindicated 
in hypertrophic obstructive cardiomyopathy because either 
they decrease venous return (prazosin, nitrates, or diuretics) 
or increase contractile function (inotropic agents). 

Learning objective: Outline the use of nesiritide in stage D heart 
failure. 

27. D The patient was most likely suffering from stage D cardiac 
failure despite maximal doses ofthe standard recommended 
therapy. On admission, the patient was in acute heart failure, 
as indicated by the high central venous pressure and poor 
cardiac output. Because the central venous pressure is very 


high, a venous vasodilator such as nitroglycerin or nesiritide 
is indicated to reduce preload. Nesiritide (recombinant atrial 
natriuretic peptide) has the advantage of having both natri- 
uretic and vasodilatory properties and can add to the diuretic 
effect of furosemide in refractory patients. 

AThe patient has been receiving maximal doses of digoxin 
without effect, and the long half-life of the drug suggests 
that a steady-state plasma level of digoxin has already been 
attained in the patient. To add digoxin would most likely be 
without therapeutic effect and would substantially increase 
the risk of toxicity. 

B, C, E, F These drugs are without effect and could be dan- 
gerous in a patient in acute cardiac failure. 

learning objective: Explain the molecular mechanism ofthe posi- 
tive inotropic action of dobutamine. 

28. B Dobutamine activates mainly (3 j adrenoceptors. The sub- 
sequent activation of cyclic adenosine monophosphate 
(cAMP)-dependent protein kinase A increases the opening 
of membrane voltage-gated calcium channels (causing an 
increased speed and strength of myocyte contraction), as 
well as the opening of sarcoplasmic calcium channels (caus- 
ing an increased reuptake of Ca 2+ by the sarcoplasmic reticu- 
lum). Therefore, both the speed of contraction and the speed 
of relaxation of myocytes are increased. 

AThis is the mechanism of action of milrinone. 

C, E These molecular actions are triggered by digoxin, not 
dobutamine. 

D The increase of this enzyme is triggered by activation 
of a receptors, not (3 receptors. 

Learning objective: Explain the reasons for the beneficial effect of 
angiotensin-converting enzyme (ACE) inhibitors in heart failure. 

29. C Captopril is an ACE inhibitor, and most effects of the drug 
are the consequence of decreased plasma angiotensin levels. 
This decrease in turn reduces peripheral resistance, both 
directly and through a reduction in sympathetic activity 
(thus decreasing afterload), and reduces aldosterone secre- 
tion (thus decreasing preload). These effects relieve the work- 
load of the heart and result in improved systolic contractile 
function. 

B Although this action is beneficial, this is not at all the 
main reason why captopril is useful in heart failure. 

A, D By inhibiting angiotensin II formation, captopril actu- 
ally would inhibit all angiotensin-mediated effects, includ- 
ing increased cardiac contractility and epinephrine release 
from adrenergic nerves. 

E By inhibiting ACE, captopril inhibits, not stimulates, 
bradykinin metabolism. 




learning objective: Explain angiotensin-converting enzyme inhib- 
itor (ACE)-induced mortality reduction in myocardial infarction. 

30. E ACE inhibitors block the vasoconstricting activity of angio- 
tensin II, thus reducing both preload and afterload, which in 
turn reduces the workload of the heart. In addition, they re- 
duce the growth effects of angiotensin II on cardiac myocytes 
and attenuate the cardiac fibrosis induced by angiotensin II. 
These actions lead to reduction of myocardial remodeling. 
The initial remodeling phase after a myocardial infarction 
(repair of the necrotic area and myocardial scarring) may be 
considered beneficial, but over time remodeling causes an 
increase of ventricular mass and volume that adversely af- 
fects cardiac function. By reducing cardiac remodeling, ACE 
inhibitors improve ejection fraction and decrease mortality. 

A ACE inhibitors do not appreciably affect cardiac con- 
tractility. 

B By blocking aldosterone formation, ACE inhibitors de- 
crease, not increase, preload. 

C By decreasing the workload of the heart, ACE inhibitors 
actually can indirectly cause coronary vasoconstriction. 

D ACE inhibitors have negligible effects on ventricular 
automaticity. 

learning objective: Explain the role of (3-blockers in the therapy 
of systolic heart failure. 

3 1 . CThe patient’s symptoms indicate that he was suffering from 
stage C heart failure. His decreased ejection fraction points 
out that his heart failure was systolic. The left ventricular 
ejection fraction is the best way to differentiate between sys- 
tolic and diastolic heart failure. Today, (3-blockers are first- 
line agents for both systolic and diastolic heart failure, but 
the clinical use is different: 

• For systolic heart failure, guidelines suggest early use, low 
dose, gradual titration, and selected agents. There is fairly 
strong evidence that the benefits of (3-blockers in systolic 
heart failure are not a class effect. Metoprolol, bisoprolol, 
and carvedilol are the (3-blockers shown to reduce mor- 
tality in large heart failure trials. 

• For diastolic heart failure, higher doses are used, there 
is less need to titrate, and a wider range of drugs is 
acceptable. 

Beneficial effects of (3-blockers in systolic heart failure include 

• Prevention of chronic overactivity of the sympathetic 
nervous system, which leads to decreased heart rate and 
reduced myocardial remodeling through inhibition of the 
mitogenic activity of catecholamines 

• Inhibition of renin secretion by blocking (3 x receptors in 
juxtaglomerular cells 


• Upregulation of (3 x receptors (in heart failure, (3 x receptors 
are downregulated due to the chronic activation of the 
sympathetic nervous system) 

A, B, D, E Beta-blockers elicit actions opposite to those 
listed. 

learning objective: Explain the mechanism of the therapeutic ef- 
fect of the hydralazine/isosorbide dinitrate combination in Black 
patients with heart failure. 

32. C It has been shown that the hydralazine/isosorbide dini- 
trate combination can be effective primarily in Black patients 
with systolic heart failure. Because of this, the U.S. Food and 
Drug Administration has approved the combination product 
for the treatment of heart failure as an adjunct to standard 
heart failure therapy in Black patients. The mechanism of 
the therapeutic effect of the combination is most likely re- 
lated to the nitrate-mediated reduction of preload and the 
hydralazine-mediated reduction of afterload. 

A Both hydralazine and nitrates can cause reflex increase 
in cardiac contractility, but this action is not the main reason 
that the combination is useful in heart failure. 

B By causing the reflex activation of the sympathetic sys- 
tem, both drugs can increase, not decrease, the angiotensin II 
formation. 

D Both drugs can activate, not inhibit, the sympathetic 
system. 

E By causing the reflex activation of the sympathetic sys- 
tem, both drugs can increase, not decrease, the heart rate. 

foaming objective: Describe the role of loop diuretics in the ther- 
apy of chronic systolic heart failure. 

33. D Diuretics are indicated in systolic heart failure because 
they decrease preload. Therefore, they are used primarily in 
patients with pulmonary congestion and peripheral edema, 
as in this case. 

In most patients in heart failure, loop diuretics are pre- 
ferred for two main reasons: 

• They are the most effective diuretics presently available. 

• They are the only diuretics that retain their activity even 
when the glomerular filtration rate is very low. Most di- 
uretics lose their effectiveness when creatinine clearance 
is less than 30 mEmin. Loop diuretics retain their effec- 
tiveness until creatinine clearance is less than 5 mEmin. 

In systolic heart failure, the glomerular filtration rate is often 
quite low because of the decreased cardiac output; this ex- 
plains why all diuretics, except loop diuretics, are minimally 
effective in stage C heart failure. 




A Loop diuretics stimulate, not inhibit, angiotensin II syn- 
thesis by decreasing macula densa sensitivity. 

B Loop diuretics decrease, not increase, venous return to 
the heart by increasing venous capacitance vessels (which 
seems mainly related to the increased synthesis of prosta- 
glandins). 

C Loop diuretics stimulate, not inhibit, prostaglandin 
biosynthesis. 

EBy decreasing preload, loop diuretics increase the stroke 
volume, but this is not because they increase heart contrac- 
tility. By definition, contractility is the change in the peak 
isometric force of the cardiac fiber at any given initial fiber 
length. Diuretics increase contraction, not contractility, of 
the heart by decreasing preload, that is, by decreasing the 
cardiac fiber length. 

Learning objective: Describe the use of spironolactone in heart 
failure. 

34. C It has been shown that spironolactone significantly re- 
duces (about 30 %) mortality and hospitalization for heart 
failure due to left ventricular systolic dysfunction. The pro- 
tective effect of the drug is most likely related to its antag- 
onistic activity at aldosterone receptors rather than to its 
diuretic effect, because spironolactone is a mild diuretic 
and because other direct-acting potassium-sparing diuretics, 
such as triamterene and amiloride, are completely devoid of 
protective effects in systolic heart failure. Current guidelines 
recommend initiating aldosterone antagonists in patients 
with severe heart failure, as in this case. 

ALosartan is an angiotensin receptor antagonist. Even if 
the actions of angiotensin-converting enzyme (ACE) inhibi- 
tors and angiotensin antagonists are not exactly the same, it 
is unlikely that losartan can be effective in a patient not re- 
sponding to captopril. 

B See correct answer explanation. 

D Indapamide is a thiazide diuretic. It is minimally effec- 
tive in severe heart failure. Moreover, the patient already 
received furosemide without evident improvement. 

E, F Milrinone and nesiritide are used only for acute heart 
failure when other drugs are not effective. 

Learning objective: Describe the pharmacological actions of an- 
giotensin-converting enzyme (ACE) inhibitors. 

35. C Captopril is an ACE inhibitor. ACE catalyzes the synthe- 
sis of angiotensin II from angiotensin I and promotes the 


degradation of bradykinin. By blocking the enzyme, ACE 
inhibitors will increase the plasma levels of angiotensin I 
and bradykinin. Both actions contribute to the vasodilating 
activity of these drugs (even if the first is by far the most 
important), as angiotensin II is a powerful vasoconstricting 
agent, and bradykinin is a vasodilator. The resultant decrease 
in afterload is a primary mechanism of the therapeutic ef- 
fect of ACE inhibitors in systolic heart failure. 

Alt is known that angiotensin II promotes the secretion 
of vasopressin from the posterior pituitary. By inhibiting 
angiotensin II formation, vasopressin plasma levels are, if 
anything, decreased, not increased. By blocking aldosterone 
synthesis, plasma sodium levels are expected to decrease, 
not increase. 

B Angiotensin II stimulates norepinephrine release from 
sympathetic nerve terminals. By inhibiting angiotensin II 
formation, ACE inhibitors decrease, not increase, plasma 
levels of norepinephrine. 

D ACE inhibitors have negligible effects on these endoge- 
nous compounds. 

E Prostaglandin plasma levels can be increased by ACE 
inhibitors, but angiotensin III levels would be decreased. 

Learning objective: Describe the main advantages of angiotensin 
antagonists over angiotensin-converting enzyme (ACE) inhibitors. 

36. E The prescribed drug was most likely losartan, an angio- 
tensin II receptor blocker. Angiotensin II is synthesized from 
renin and catalyzed by ACE. However, some tissues contain 
nonrenin angiotensinogen-processing enzymes that cata- 
lyze the synthesis of angiotensin II without the need for ACE. 
ACE inhibitors reduce the biosynthesis of angiotensin II pro- 
duced by the action of ACE, but they do not inhibit alterna- 
tive non-ACE angiotensin Il-generating pathways. Because 
angiotensin II antagonists block type 1 angiotensin II recep- 
tors, the actions of angiotensin II are blocked regardless of 
the biochemical pathways leading to angiotensin synthesis. 
Whether the pharmacological differences between angio- 
tensin blockers and ACE inhibitors result in significant dif- 
ferences in therapeutic outcome is still an open question. It 
is common to substitute an ACE inhibitor with an angioten- 
sin blocker when the first is not effective and can cause ad- 
verse effects, as in this case. 

A-D, F See correct answer explanation. 



learning objective: Explain the most likely molecular mechanism 
of the therapeutic effect of spironolactone in systolic heart failure. 

37. C Spironolactone is a competitive aldosterone receptor an- 
tagonist that significantly reduces morbidity and mortality in 
advanced systolic heart failure. This reduction is achieved 
in the absence of demonstrable diuretic effect, lending sup- 
port to the hypothesis that the therapeutic effect of the drug 
is related to its blocking activity at aldosterone receptors. 
The major action of aldosterone is to stimulate the kidney 
to reabsorb Na + and water. However, aldosterone has similar 
actions on salt and water transport in the colon, salivary 
glands, and sweat glands. Moreover, aldosterone receptors 
are present in several other tissues, including myocardium, 
and it is likely that the drug increases Na + conductance across 
most cell membranes. Morphologic studies indicate that 
chronic excess of aldosterone (plus salt loading), as occurs in 
heart failure, can induce a pathologic remodeling, causing 
fibrosis in the heart, kidney, and other organs in animals and 
humans. The mechanism of this effect is still uncertain, but 
it could be related to the increased Na + conductance in aldo- 
sterone-controlled Na + channels in several tissues, including 
the myocardium. By blocking aldosterone receptors, spirono- 
lactone can decrease aldosterone-controlled Na + conductance. 

A Spironolactone can have a potassium-sparing effect by 
inhibiting potassium excretion in the collecting duct, but 
this is not the reason for its efficacy in chronic heart failure. 

B This would be the mechanism of action of carbonic an- 
hydrase inhibitors. 

D Spironolactone has no direct effect on renin secretion 
by the macula densa. 

E This would be the mechanism of action of thiazide 
diuretics. 

Learning objective: Describe the main adverse effects of angio- 
tensin-converting enzyme (ACE) inhibitors. 

38. B ACE inhibitors decrease aldosterone synthesis. Lower al- 
dosterone levels tend to decrease K + excretion. Carvedilol is 
a nonselective (3-blocker and a selective a ^blocker. Blockade 
of |3 2 receptors in the skeletal muscle tends to decrease K + 
uptake. Hyperkalemia is uncommon if one of the two drugs 
is given singly, but the risk of hyperkalemia is substantially 
increased when they are given concomitantly. 

A ACE inhibitors and p-blockers have a negligible effect 
on calcium plasma levels. 

C, D Blockade of aldosterone production is expected to de- 
crease, not increase, extracellular fluid volume and sodium 
plasma levels. 

E ACE inhibitors have a negligible effect on glucose metab- 
olism. Beta-blockers can decrease, not increase, the glucose 
level by blocking p 0 -mediated gluconeogenesis and glycog- 
enolysis in the liver. 


Learning objective: Describe the effects of angiotensin-convert- 
ing enzyme (ACE) inhibitors and P-blockers in a patient with stage 
C systolic heart failure. 

39. A Apatient suffering from stage C systolic heart failure most 
likely shows decreased diuresis (because of the decreased 
cardiac output), increased arteriolar tone (because of angio- 
tensin II actions and sympathetic overactivity), and increased 
myocardial oxygen consumption (because the high preload 
increased the stretch of the cardiac fibers, which is a major 
determinant of oxygen consumption). 

By decreasing preload and afterload, ACE inhibitors in- 
crease cardiac output , which in turn can 

• Improve kidney blood flow, leading to an increased 
diuresis 

• Offset the sympathetic overactivity, leading to decreased 
arteriolar tone 

• Decrease the diastolic stretch of cardiac fibers, leading to 
a decrease in myocardial oxygen consumption 

Carvedilol is an a-/p-blocker that can 

• Decrease arteriolar tone 

• Decrease heart rate, leading to a decrease in myocardial 
oxygen consumption 

B-E See correct answer explanation. 

Learning objective: Describe the main adverse effects of spirono- 
lactone. 

40. D The patient was suffering from gynecomastia, a well- 
described adverse effect of spironolactone that is related to 
dose and duration of treatment. High doses have been asso- 
ciated with up to a 50% prevalence of this adverse effect. 
Owing to its affinity for other steroid receptors, spironolac- 
tone can induce gynecomastia most likely by displacing an- 
drogens from androgen receptors. Generally, discontinuation 
of treatment results in resolution of gynecomastia. 

A-C, E The risk of gynecomastia with these drugs is 
negligible. 
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Answers and Explanations: IV-4 Antihypertensive Drugs 


Questions 1-5 

1 M 

2. E 

3. J 

4. C 

5. A 

learning objective: Describe the main action leading to the anti- 
hypertensive effect of thiazides. 

6. C The initial hypotensive effects of diuretics are associated 
with a reduction in plasma volume and cardiac output. Pe- 
ripheral vascular resistance is usually unaffected (or some- 
times increased). After 4 to 8 weeks of continuous therapy, 
blood volume and cardiac output return to normal, and pe- 
ripheral vascular resistance decreases. Mechanisms underly- 
ing this decrease are probably related to a depletion of body 
Na + stores. 

A Diuretics cause negligible postural hypotension, because 
the baroreceptor reflex is not affected. 

B See correct answer explanation. 

D Thiazides tend to decrease, not increase, interstitial fluid 
volume. 

E Blood flow in any organ is related to perfusion pressure 
and vessel resistance. Perfusion pressure in turn is mainly re- 
lated to cardiac output. After several weeks of treatment with 
diuretics, cardiac output is normal; therefore, renal blood 
flow is either normal or increased, not decreased. 

Learning objective: Describe the main adverse effects of thiazides. 

7. BThe patient’s symptoms and the lab results indicate that he 
was most likely suffering from gouty arthritis. Chronic treat- 
ment with thiazides may cause hyperuricemia and precipitate 
attacks of gout in at-risk patients. Hyperuricemia is likely due 
to both a hypovolemia-induced increase in uric acid reabsorp- 
tion and competition with urates for the organic acid trans- 
port system in the proximal tubule. 

Being a painter, the patient was already at risk for gout be- 
cause a strong association exists between the risk of gout and 
lead exposure through diet or occupation (painters, plumbers, 
etc.). 

A, C, E, F These drugs do not cause hyperuricemia. 

D Furosemide can cause hyperuricemia, but the drug is 
rarely used as an antihypertensive. 


Learning objective: Identify the most appropriate antihyperten- 
sive drug in a patient with concomitant diseases. 

8. D The patient has stage 2 essential hypertension; therefore, 
an antihypertensive medication is recommended in addition 
to lifestyle modification. The patient is a good candidate for 
a thiazide diuretic for several reasons. First, these drugs are 
usually the most appropriate initial therapy for uncompli- 
cated hypertension because they decrease morbidity and 
mortality. Second, the woman is suffering from osteoporosis, 
and thiazides can cause retention of calcium, a potentially 
beneficial effect. Moreover, in this patient: 

A Angiotensin-converting enzyme (ACE) inhibitors are con- 
traindicated because of the past episode of angioedema. 

B, C Beta-blockers and verapamil are contraindicated be- 
cause of the heart block. 

EMinoxidil is never a drug of first choice for antihyperten- 
sive therapy. 

learning objective: Describe the main adverse effects of central 
sympathoplegic antihypertensive drugs. 

9. D Sedation is a frequent, and sometimes pronounced, ad- 
verse effect of central sympathoplegic antihypertensive drugs 
(methyldopa and clonidine), probably due to decreased ad- 
renergic transmission in the central nervous system. 

APostural hypotension is an uncommon and usually minor 
adverse effect of methyldopa and clonidine, because basal 
central adrenergic tone is reduced, but the baroreceptor re- 
flex is still operative. 

B Hemolytic, not megaloblastic, anemia occasionally oc- 
curs with methyldopa. 

C Methyldopa and clonidine tend to decrease the heart 
rate, so palpitations are unlikely. 

E Methyldopa and clonidine frequently cause xerostomia, 
not sialorrhea. The mechanism of the effect is still uncertain. 

Learning objective: Describe the symptoms of clonidine with- 
drawal. 

10. E The patient’s symptoms are most likely due to sudden 
clonidine withdrawal. Rebound hypertension can occur (to 
levels above those present prior to treatment), but the syn- 
drome can appear in the absence of an overshoot in blood 
pressure. The signs and symptoms ofthe syndrome are asso- 
ciated with increased sympathetic discharge (plasma levels 
of catecholamines are increased). The exact mechanism 
underlying the clonidine withdrawal syndrome is not known, 
but the rebound hypertension seems to be due to an up- 
regulation ofa 1 receptors. 

A-D, F Withdrawal of none of the other listed drugs pre- 
cipitates the described syndrome. 




learning objective: Identify the antihypertensive drug that can 

most likely cause a positive Coombs reaction. 

11. D Methyldopa is the most commonly used drug for chronic 
treatment of hypertension during pregnancy, primarily be- 
cause there has been the most experience with this drug 
during pregnancy. Positive Coombs reaction occurs in up to 
30%of patients treated for more than 6 months, but hemo- 
lytic anemia occurs in only 1 to 5%of cases. This is a type II 
allergic drug reaction. Apparently, the drug is able to alter 
the red blood cell surface chemically, thereby uncovering an 
antigen that induces and then reacts with an antibody, thus 
causing cell lysis. 

A-C, E, F None of these drugs produce a positive Coombs 
test or hemolytic anemia. 

Learning objective: Describe the therapeutic uses of clonidine. 

12. D Clonidine is the only antihypertensive that is also used in 
smoking cessation programs because it reduces anxiety, irri- 
tability, and craving during tobacco withdrawal (it doubles 
the number of patients who remain abstinent for 6 months 
or more). The mechanism of this action is uncertain, but it 
seems to be related to the drug-induced decrease in central 
sympathetic outflow, which may mitigate many of the signs 
of sympathetic overactivity that are present during tobacco 
withdrawal. 

A-C, E These drugs do not affect tobacco withdrawal. 

Learning objective: Describe the main adverse effects of prazosin. 

13. D The drug taken by the patient was most likely prazosin, an 
antihypertensive agent sometimes given to patients with re- 
sistant hypertension and concomitant prostatic hyperplasia, 
because it can also facilitate urination by relaxing the blad- 
der internal sphincter. Prazosin can cause marked postural 
hypotension and syncope with the first dose (the so-called 
first-dose phenomenon). This is probably due to the block- 
ade of a l receptors both in the arterioles (which impairs the 
reflex vasoconstriction) and in the veins (which decreases 
venous return). The orthostatic effect declines over time. The 
mechanism responsible for the development of such toler- 
ance is not clear. Other antihypertensive drugs that can cause 
syncope are labetalol, angiotensin-converting enzyme (ACE) 
inhibitors, losartan, and nitroprusside. 

A Beta-blockers do not cause postural hypotension and 
syncope because they do not significantly affect the baro- 
receptor reflex or venous return. 

B, CUnlike drugs that dilate capacitance vessels, arteriolar 
vasodilators do not cause significant postural hypotension, 
so the risk of fainting with these drugs is negligible. 


E Centrally acting antiadrenergic agents usually do not 
cause significant postural hypotension because they decrease 
the basal adrenergic tone, but the sympathetic nervous sys- 
tem can still be activated by proper stimuli. 

FFenoldopam is used only for hypertensive emergencies. 

Learning objective: Describe the therapeutic uses of a j-b lockers. 

14. A Alpha-1 blockers (e.g., prazosin and terazosin) are used 
as antihypertensive drugs primarily in men with prostatic 
hyperplasia because they relax the internal sphincter of the 
bladder and the prostate capsule. 

B-F None of these drugs have relaxant properties on the 
internal sphincter of the bladder and prostate capsule. 

learning objective: Identify the antihypertensive drug that is most 

likely to cause postural hypotension. 

15. EBy blocking a { receptors, labetalol affects the barorecep- 
tor reflex that is responsible for rapid, moment-to-moment 
adjustment in blood pressure, such as in transition from a 
reclining to an upright posture. The increased sympathetic 
outflow cannot induce normal vasoconstriction because oij 
receptors are blocked, so postural hypotension results. 

Ain general, (3-blockers such as propranolol cause negli- 
gible postural hypotension because the baroreceptor reflex 
is not affected. 

B Clonidine acts centrally to reduce sympathetic outflow. 
However, the baroreceptor reflex is only marginally affected, 
and postural hypotension is slight. 

C Angiotensin-converting enzyme (ACE) inhibitors such 
as captopril rarely cause postural hypotension. The reason is 
uncertain but could be due to downward resetting of baro- 
receptors. 

D In general, thiazide diuretics such as hydrochlorothiazide 
cause negligible postural hypotension because the barore- 
ceptor reflex is not affected. 

Learning objective: Choose the appropriate antihypertensive drug 

for a patient suffering from hypertrophic cardiomyopathy. 

16. E Beta-blockers such as propranolol are first-line agents in 
hypertrophic cardiomyopathy because they increase the du- 
ration of diastole and decrease left ventricular contractility 
and myocardial wall stress during systole. In this case, they 
should also reduce the high blood pressure and are therefore 
the most appropriate drugs for this patient. 

A-D These drugs will not improve and may even exacer- 
bate the hypertrophic cardiomyopathy and therefore are not 
suited for this patient. 

F The use of angiotensin-converting enzyme (ACE) inhibi- 
tors in hypertrophic cardiomyopathy is controversial. Some 
clinicians think they have no role in the disease, whereas 
others believe they are beneficial by limiting hypertrophy. 



learning objective: Describe the use of antihypertensive drugs in 
aortic dissection. 

17. D Aortic dissection is a highly lethal disorder. Because mor- 
tality is highest in the early hours after dissection begins, 
drug therapy to lower the arterial pressure should be started 
as soon as possible. Nitroprusside is given as a constant 
intravenous drip with the objective of reducing the blood 
pressure to the lowest level compatible with adequate cere- 
bral, coronary, and renal perfusion. Because nitroprusside 
used alone can cause reflex tachycardia, a (3-blocker such as 
esmolol is usually used concomitantly. Both drugs have very 
short half-lives that allow blood pressure response titration 
from minute to minute. Surgical repair on an emergency 
basis usually follows the medical therapy. 

ALabetalol is used for acute aortic dissection, but the ad- 
dition of prazosin is irrational, as labetalol itself is also an 
o^-blocker. 

B Diazoxide is used in case of hypertensive emergency, 
but the addition of hydralazine is irrational, as the drug can 
cause reflex tachycardia. 

C, ENone ofthese drugs are suitable for hypertensive emer- 
gencies because their onset of action is too slow. 

learning objective: Describe the hemodynamic effects of atenolol. 

18. A Atenolol is a selective pj-blocker. Cardiac output is de- 
creased because of the decrease in cardiac contractility and 
rate; venous tone is unchanged because there are no re- 
ceptors on the vessels; and postural hypotension is negli- 
gible because the drug does not cause hypovolemia, and the 
baroreceptor reflex is unaffected. 

B-E See correct answer explanation. 

Learning objective: Describe the main adverse effects of hy- 
dralazine. 

19. A Hydralazine is an arteriolar vasodilator that causes reflex 
tachycardia, which explains the subjective feeling of palpita- 
tions. Skin vasodilation causes sweating and flushing. 

B-D All of these drugs tend to cause bradycardia, so pal- 
pitations are unlikely. 

E Nitroprusside can cause tachycardia and flushing. How- 
ever, it is used only in hypertensive emergencies, as its half- 
life is very short. 

Learning objective: Describe the actions leading to the therapeu- 
tic effect of minoxidil. 

20. E Minoxidil acts by opening potassium channels in smooth 
muscle cell membranes, which leads to membrane stabili- 
zation, thus making contraction less likely. Vasodilation is 
limited to the arterioles (the effect on capacitance vessels 
is negligible) and causes the reduction of total peripheral 
resistance. 


A, B Minoxidil causes a reflex activation of the sympa- 
thetic nervous system, which results in effects opposite to 
those listed. 

CMinoxidil can sometimes increase, not decrease, the ex- 
tracellular fluid volume, leading to edema. 

D By decreasing blood pressure, minoxidil can activate, not 
inhibit, the renin angiotensin system. 

learning objective: Explain the molecular mechanism of act ion of 
diazoxide. 

21. C Diazoxide is an arteriolar vasodilator sometimes used for 
hypertensive emergencies (but not for nonemergency treat- 
ment of hypertension). It opens potassium channels in 
smooth muscle cell membranes, thus stabilizing the mem- 
brane potential at the resting level. In this way, it counteracts 
smooth muscle contraction. 

A, B, D-F See correct answer explanation. 

Learning objective: Describe the antihypertensive uses of calcium 
channel blockers. 

22. E The patient is suffering from stage 2 hypertension, so a 
combination therapy is advisable. A diuretic (hydrochloro- 
thiazide) and a Ca 2+ channel blocker (nifedipine) would be a 
rational choice because Blacks often have low-renin hyper- 
tension and may respond best to diuretics and Ca 2+ channel 
blockers. Moreover, in this patient 

A, B Captopril is contraindicated because of the renal ar- 
tery stenosis in a solitary kidney. 

C, D Propranolol is contraindicated because of chronic 
obstructive pulmonary disease. 

learning objective: Explain the antihypertensive use of nifedipine 
in a patient with concomitant disease. 

23. ABeta-blockers are useless in variant angina and can even be 
dangerous by causing coronary vasoconstriction. Nifedipine 
is a drug of choice in variant angina, as it causes a general- 
ized vasodilation that includes the coronary arteries. Because 
the drug is also effective in hypertension, the substitution of 
propranolol with nifedipine is a rational therapeutic choice. 

B Nitroglycerin is effective in variant angina (but less ef- 
fective than calcium channel blockers). In this case, however, 
propranolol must be withdrawn, so the simple addition of 
another drug is not a wise choice. 

C Captopril is a good therapy for hypertension but cannot 
cure the variant angina. 

D, E See explanation B. 



learning objective: Describe the pharmacological effects of an- 
giotensin-converting enzyme (ACE) inhibitors. 

24. C Captopril is an ACE inhibitor that reduces the synthesis 
of angiotensin II. This in turn will reduce the plasma level of 
aldosterone, whereas renin will increase (short-loop nega- 
tive feedback), as will potassium. 

A, B, D These drugs do not cause this pattern of effects. 

E Spironolactone causes hyperkalemia but does not change 
the plasma levels of aldosterone, renin, and angiotensin II. 

learning objective: list the main contraindications for angioten- 
sin-converting enzyme (ACE) inhibitors. 

25. B ACE inhibitors are known to cause various malformations, 
growth retardation, and even fetal death, primarily when 
given during the second and third trimester of pregnancy. 
They are category D (positive evidence of human risk) in the 
classification by the U.S. Food and Drug Administration. 

A, C-ENone of the other listed drug classes are absolutely 
contraindicated in pregnancy. 

Learning objective: Describe the main adverse effects of angio- 
tensin-converting enzyme (ACE) inhibitors. 

26. E A dry, disturbing cough is a typical adverse effect of ACE 
inhibitors that occurs in up to 20%of patients and is most 
likely due to the increased plasma levels of bradykinin. The 
loss of taste (dysgeusia) reported by the patient is another 
typical effect of ACE inhibitors (the reason is unknown). 

A-DNone of the other listed antihypertensive drugs cause 
these adverse effects. 

Learning objective: Describe the main adverse effects of angio- 
tensin-converting enzyme (ACE) inhibitors. 

27. D The signs and symptoms of the patient strongly suggest 
the diagnosis of angioedema. ACE inhibitors are known to 
cause angioedema in 0.1 to 0.3%ofpatients. This effect is not 
dose-related and nearly always develops within the first 
week of therapy. Airway obstruction may lead to death. The 
mechanism underlying the disorder seems to be related to 
accumulation of bradykinin produced by these drugs. An- 
gioedema is very rare in patients taking type 1 angiotensin II 
receptor antagonists. 

A-C, ENone of the other listed drugs cause angioneurotic 
edema. 

Learning objective: Describe the main adverse effects of angio- 
tensin-converting enzyme (ACE) inhibitors. 

28. C ACE inhibitors are known to slow the progression of renal 
impairment in hypertensive diabetics and in hypertensive 


patients with chronic renal failure. On the other hand, they 
can produce acute renal failure in patients with bilateral renal 
artery stenosis (or stenosis of the renal artery of a solitary 
kidney), severe aortic stenosis, and even severe intrarenal 
microvascular disease. In fact, in these diseases, angioten- 
sin II is the main determinant of a sufficient glomerular fil- 
tration rate (GFR). Factors that predispose a patient to acute 
renal failure from ACE inhibition include concomitant use 
of diuretics (sodium-volume depletion caused by diuretics 
makes patients more sensitive to ACE inhibitors) and ofnon- 
steroidal antiinflammatory drugs, which prevent the vasodi- 
lating action of renal prostaglandins. 

A, B, D, E See correct answer explanation. 

Learning objective: Choose the appropriate antihypertensive drug 
for a patient with concomitant diseases. 

29. C Angiotensin-converting enzyme (ACE) inhibitors appear 
to be ideal agents to treat hypertension in diabetics because 
they do not have biochemical adverse effects on glucose 
regulation, like other agents may. In addition, they are drugs 
of choice in chronic diabetic glomerulopathy because they 
slow down the progression ofthe disease. The patient shows 
signs of renal impairment (microhematuria), so captopril 
represents a rational choice. Moreover, in this patient 

A Thiazide diuretics are contraindicated because of gouty 
arthritis. 

B Beta-blockers are relatively contraindicated in insulin- 
dependent diabetics because they can mask signs and symp- 
toms of hypoglycemia. 

D, F Clonidine and aliskiren are not first-choice drugs in 
antihypertensive therapy. 

ENitroprusside is used in hypertensive emergency only. 

Learning objective: Choose the appropriate therapy for a patient 
suffering from hypertension and heart failure. 

30. D Diuretics and angiotensin-converting enzyme (ACE) in- 
hibitors are the drugs of first choice in all stages of cardiac 
failure. The same drugs are also first-choice agents for hyper- 
tension. Therefore, the combination of hydrochlorothiazide 
and captopril is a rational choice for this patient. 

A, B Verapamil and minoxidil are not useful (and can be 
dangerous) in heart failure. 

C, E Many patients with cardiac failure will require the 
chronic administration of a loop diuretic to maintain euvole- 
mia, but hydralazine and methyldopa are not drugs of choice 
to treat stage 1 cardiac failure. 




learning objective: Explain the molecular mechanism of antihy- 
pertensive action of thiazides. 

31. C Thiazide diuretics are drugs of choice for mild hyperten- 
sion, and they are especially effective in the elderly and 
Black populations. They can lower systolic blood pressure 
(BP) by 15 to 20 mm Hg and diastolic BP by 8 to 15 mm Hg. 
The main and long-term BP lowering effect results from a 
decrease in peripheral vascular resistance. The mechanism 
of this decrease is still uncertain, but it is probably related 
to a depletion of body Na + stores, which leads to a fall in 
smooth muscle intracellular Na + concentration. This in turn 
decreases intracellular Ca 2+ concentration by activating the 
lCa 2+ /3Na + exchanger. Because less calcium is available, re- 
laxation occurs. 

A Blood volume depletion can initially contribute to the 
antihypertensive effect of thiazides, but this is not the main 
long-term mechanism, because after 6 to 8 weeks of contin- 
uous therapy, intravascular volume and cardiac output re- 
turn to normal, but the antihypertensive effect persists. 

B, D Hypokalemia and hypercalcemia are adverse effects 
of thiazides. If they are severe, they can cause several signs 
and symptoms, including hypotension, but these are not 
mechanisms of the antihypertensive effect of thiazides. 

E An increase in the cyclic guanosine monophosphate 
(cGMP) level can cause vasodilation, but thiazides do not 
affect this second messenger. 

Learning objective: Describe the antihypertensive use of thiazides. 

32. E The patient was most likely suffering from essential hy- 
pertension. African-Americans tend to have higher and more 
severe hypertension than other populations, likely because of 
differences in electrolyte homeostasis, glomerular filtration 
rate, and sodium excretion. These differences likely contrib- 
ute to the higher antihypertensive effectiveness of thiazide 
diuretics in African-Americans. 

A, F Captopril is an angiotensin-converting enzyme (ACE) 
inhibitor, and atenolol is a (3-blocker. It appears that ACE 
inhibitors, angiotensin antagonists, and (3-blockers are less 
effective in Blacks than thiazide diuretics or calcium channel 
blockers. 

B Loop diuretics such as furosemide are by far less effec- 
tive than thiazide diuretics for the long-term management 
of hypertension. 

C, D These drugs are used only in cases of hypertensive 
emergencies. 

Learning objective: Explain the reasons for the association of thia- 
zides and angiotensin II antagonists. 

33. Alt has been shown that thiazides can enhance the action of 
most antihypertensive drugs given concomitantly. Because 


of this, the association of hydrochlorothiazide and losartan 
is today one of the most common antihypertensive medica- 
tion regimens. The combination therapy with losartan and 
hydrochlorothiazide can achieve a greater reduction in blood 
pressure than the combined effects of either of these drugs 
alone and is therefore a true synergistic effect. 

B-E See correct answer explanation. 

learning objective: Explain the reasons for a change in antihyper- 
tensive therapy. 

34. CThe patient’s blood pressure is still high despite the ther- 
apy. Moreover, serum potassium is close to the upper limit of 
the normal range. In this situation, a third antihypertensive 
drug should be added. Hydrochlorothiazide is the best choice 
because it is a first-choice antihypertensive drug, it enhances 
the action of angiotensin-converting enzyme (ACE) inhibi- 
tors, and it can lower plasma potassium levels. 

A Loop diuretics are less effective than thiazide diuretics 
as antihypertensives, and they are not indicated unless there 
is a concomitant disorder, such as severe chronic kidney 
disease (glomerular filtration rate less than 30 mEmin), left 
ventricular dysfunction, or severe edema. 

B, D Indications for changing a drug in antihypertensive 
therapy are mainly related to drug-induced adverse effects 
(when a drug is not effective, another drug is added without 
changing the first drug). There is no evidence of adverse ef- 
fects due to the drugs the patient was taking. 

E Minoxidil has several adverse effects and is reserved for 
very difficult-to-control hypertension. 

Learning objective: Describe the molecular mechanism of the 
antihypertensive action of methyldopa. 

35. C Hypertension is the most common medical problem en- 
countered during pregnancy, complicating 2 to 3%of preg- 
nancies, and is a major cause of perinatal morbidity and 
mortality. Methyldopa is the drug most commonly used to 
treat chronic hypertension in pregnancy in the United States. 
The antihypertensive effect ofmethyldopa is most likely me- 
diated by an action on the central nervous system. The drug 
is taken up by the adrenergic neurons, where it is trans- 
formed into methylnorepinephrine, an a 2 receptor agonist. 
Methylnorepinephrine activates a 2 receptors located in the 
nucleus of the tractus solitarius and in the rostral ventrolat- 
eral medulla. This activation decreases the firing from the 
reticulospinal tract, leading to a decreased central adrener- 
gic tone. 

AThis is the mechanism of action of minoxidil. 

B This is the mechanism of action (3-blockers. 

D This is the mechanism of action of fenoldopam. 

E This is the mechanism of action of prazosin. 




learning objective: Explain the mechanism of antihypertensive 
action of (3-blockers. 

36. E Several mechanisms of the antihypertensive action of 
(3-blockers have been postulated, but the two main mecha- 
nisms are most likely the following: 

• Reduction of cardiac output due to the decrease in cardiac 

contractility and rate 

• Inhibition of the renin-angiotensin system due to inhibi- 
tion of renin secretion 

A Beta-blockers have negligible effect on large veins, but 
blockade of (3 0 receptors should constrict, not dilate, the 
vessels. 

B Beta-blockers have negligible effect on the release of 
epinephrine from the adrenal medulla. 

C Blockade of (3 0 receptors should increase, not decrease, 
blood pressure. In fact, this action of (3-blockers is weak 
under resting conditions and is overridden by the effect on 
cardiac output. 

D This is a postulated mechanism of antihypertensive ac- 
tion of (3-blockers but is by no means the main one. In fact, 
even (3-blockers that do not cross the blood-brain barrier, 
such as atenolol, do have antihypertensive effect. 

F Beta-blockers have negligible effect on blood volume. 

learning objective: Describe the therapeutic uses of nitroprusside. 

37. D Nitroprusside is the drug most frequently used to induce 
controlled hypotension during surgery. The drug has high 
efficacy and can induce a decrease of blood pressure to the 
desired level. Moreover, the drug has a very short half-life 
(about 2 minutes), so blood pressure will quickly return to 
preoperative values when the drug is discontinued. 

A-C, E, F All these drugs have half-lives of hours, so they 
are not suited for a controlled hypotension during surgery. 

learning objective: Describe the therapeutic use of diazoxide in a 
patient with concomitant diseases. 

38. BHypertensive encephalopathy is a medical emergency, and 
the patient’s blood pressure should be lowered at once with 
parenteral medications that have a rapid onset of action. Di- 
azoxide is used for hypertensive emergencies only. It is usu- 
ally given by slow intravenous infusion, and its maximum 
effect occurs within 2 to 3 minutes. 

A, C Verapamil and labetalol can be used to treat hyper- 
tensive emergencies but are contraindicated in this case 
because of the atrioventricular block. 

D, E Clonidine and captopril are given by oral route only 
and are not suited to treat hypertensive emergencies. 

F Nitroprusside is a first-line drug for hypertensive crisis 
but is contraindicated in this patient because of toxic to- 
bacco amblyopia. This rare condition is likely associated with 
defective or absent rhodanese, the mitochondrial enzyme 
that detoxifies cyanide by converting it to thiocyanate. 


Learning objective: Explain the choice of a fourth antihypertensive 
drug in a patient under antihypertensive therapy. 

39. E Minoxidil is a very effective antihypertensive drug but 
is usually considered a third- or fourth-line agent because of 
its toxicity. Because the current treatment is not effective for 
this patient, the rationale is to add a fourth drug with a dif- 
ferent mechanism of action. Minoxidil, an arteriolar vaso- 
dilator that acts by opening potassium channels in smooth 
muscle cell membranes, is more effective than other arterio- 
lar vasodilators (nifedipine, hydralazine, etc.) in refractory 
hypertension. Minoxidil-induced arteriolar vasodilation re- 
sults in reflex activation of the sympathetic nervous system, 
which in turn causes tachycardia, increased cardiac output, 
and fluid retention (due to increased plasma renin activity). 
Therefore, concomitant (3-blocker and diuretic therapy is 
almost always required with minoxidil treatment, as in this 
case. 

A Nifedipine would be contraindicated in this patient be- 
cause he has experienced constipation with another calcium 
channel blocker. 

B, F These drugs are used only in case of hypertensive 
emergencies. 

C The mechanism of antihypertensive action of methyl- 
dopa is very close to that of clonidine, so its addition would 
not be rational. 

D Enalaprilat would be contraindicated in this patient 
because he has experienced cough with another angiotensin- 
converting enzyme (ACE) inhibitor. 

learning objective: Choose the right antihypertensive drug in a 
patient with concomitant disease. 

40. E The patient was suffering from hypertension and atrial 
tachycardia. Diltiazem has both antihypertensive and anti- 
arrhythmic actions and is therefore an appropriate drug. 
Moreover, in this patient 

A, CFurosemide and prazosin are not first-choice drugs for 
hypertension. 

B Captopril is contraindicated in women who want to get 
pregnant. 

D Propranolol is contraindicated because of asthma. 

FFenoldopam is used in hypertensive emergencies only. 
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Answers and Explanations: IV-5 Antiarrhythmic Drugs 


Questions 1-6 

1. K 

2. A 

3. B 

4. B 

5. N 

6. M 

learning objective: Describe the mechanism of quinidine -induced 

paradoxical tachycardia. 

7. A Quinidine is still sometimes used to maintain the normal 
sinus rhythm after cardioversion, but it can cause paradoxical 
tachycardia, due to its antimuscarinic action on the heart, 
which increases atrioventricular conduction. 

B Quinidine blocks, not activates, a l receptors, thus causing 
peripheral vasodilation. 

C By causing vasodilation, quinidine actually decreases the 
stimulation of arterial baroreceptors. 

D, E Quinidine can block, not activate, both calcium and 
potassium channels. 

Learning objective: Describe the electrophysio logical actions of 

quinidine. 

8. C Blockade of activated sodium channels is the distinctive 
feature of class la antiarrhythmic drugs. The slope of phase 0 
of the cardiac action potential in normal atrial, Purkinje, and 
ventricular cells is dependent on sodium current. The higher 
the number of sodium channels that are in the open state, the 
higher the sodium current and the steeper the slope ofphase 0. 
By blocking activated sodium channels (the number of chan- 
nels that are blocked is dose-dependent), the sodium current 
will be less intense, and the slope of phase 0 decreases. 

A, B, D By blocking potassium channels, quinidine slows 
down repolarization. Therefore, action potential duration is 
increased, the slope ofphase 3 is decreased, and the effective 
refractory period is increased. 

EThe slope ofphase 4 is related to automaticity (the steeper 
the slope, the higher the automaticity). Most antiarrhythmic 
drugs decrease the slope of phase 4, unless toxic doses are 
given. 

learning objective: Describe the main adverse effects of quinidine. 

9. C Quinidine is rarely used today as an antiarrhythmic drug 
because of its numerous adverse effects, but it is still occa- 
sionally prescribed when other antiarrhythmic drugs are ei- 
ther not tolerated or ineffective. More than 100 drugs have 
been implicated in causing thrombocytopenia, but quini- 
dine and heparin are the two drugs that have the strongest 


association with this disorder. Quinidine-induced thrombo- 
cytopenia appears to be immunologically mediated and usu- 
ally develops within 12 to 24 hours after ingestion of the 
drug by a sensitized individual. 

A, B, D-F The risk of drug-induced thrombocytopenia with 
these drugs is quite low. 

learning objective: Describe the therapeutic uses of procainamide. 

10. D Wolff-Parkinson-White (WPW) is a preexcitation syn- 
drome in which there is an accessory bypass tract (known 
as a Kent bundle) connecting the atrium to the ventricle. An 
impulse can travel down this pathway and excite the ventri- 
cle before the expected regular impulse through the atrio- 
ventricular (AV) node; hence the term preexcitation . WPW 
syndrome can occur in children and adults without overt 
cardiac disease. The true incidence is unknown but varies 
in different reports from 0.1 to 3.0 per 1000 electrocardio- 
grams. About 20 to 30%of all supraventricular tachycardias 
are associated with WPW syndrome. A direct current car- 
dioversion represents the treatment of choice for WPW syn- 
drome (for long-term ablation of the accessory pathway). 
Medical therapy must be used cautiously because it may 
unexpectedly increase the ventricular rate. Of the drugs ap- 
proved by the U.S. Food and Drug Administration, procain- 
amide, which prolongs the refractory period ofthe accessory 
pathways, in addition to blocking sodium channels and de- 
pressing phase 0, is considered by many the drug of choice. 

A-CDigoxin, calcium channel blockers, and (3-blockers may 
be dangerous because they can block the AV node and may 
redirect impulses down the bypass tract. 

E Nifedipine has no direct action on the heart, and the 
reflex tachycardia it induces may worsen the arrhythmia. 

Learning objective: Describe the electrophysio logical actions of 

mexiletine. 

11. B The typical action of most antiarrhythmic drugs is the de- 
creased slope of phase 4 in pacemaker cells, which means a 
decrease in automaticity. 

A, C Mexiletine is a class lb drug. These agents can de- 
crease action potential duration (and thus refractoriness) in 
normal cardiac cells, but they increase action potential dura- 
tion in abnormal cells. 

D Phase 2 is due to movement of calcium across cardiac cell 
membrane. Class lb drugs do not affect calcium movement. 

E Because antiarrhythmic drugs tend to decrease cardiac 
rate, the interval between two action potentials (i.e., the 
diastolic interval) is increased, not decreased. 



learning objective: Describe the main adverse effects of lidocaine. 

12. A Lidocaine is a drug of choice for ventricular arrhythmias 
associated with myocardial infarction, and the patient’s 
tachycardia was most likely ventricular in nature, as atrio- 
ventricular dissociation was noted. The patient’s signs and 
symptoms are typical central nervous system effects of a 
high dose of lidocaine. 

B, C High doses of phenytoin or sotalol do not cause the 
pattern of signs and symptoms exhibited by the patient. 

D Mexiletine is a lidocaine-like drug that is only used 
orally to prevent recurrence of ventricular tachycardia. 

E, F Verapamil and digoxin are not used and may even be 
contraindicated in ventricular tachycardia. 

learning objective: Describe the molecular mechanism of action 
of procainamide. 

13. E Procainamide is a class la antiarrhythmic drugs. All drugs 
of this class block activated sodium and potassium channels. 
Amiodarone and lidocaine are drugs of choice for treatment 
of ventricular arrhythmias in the peri-infarction period. 
Procainamide is an alternative agent when the above- 
mentioned drugs are either not tolerated or ineffective. The 
drug blocks activated Na + channels, and recovery from block- 
ade is about 1.8 seconds (the fastest of class la drugs), so 
it exerts greater effect in depolarized and/or rapidly driven 
cardiac myocytes. 

A-D See correct answer explanation. 

Learning objective: Describe the uses of propranolol in hyper- 
thyroidism. 

14. D The patient presents with classic symptoms of hyperthy- 
roidism. When a tachyarrhythmia is associated with hyper- 
thyroidism, (3-blockers remain the drugs of choice, as many 
symptoms of this disease are associated with sympathetic 
activation. 

A-C, E All of the other listed drugs can be used to treat 
supraventricular arrhythmias, but in this case, a (3-blocker 
is preferred (see correct answer explanation). 

learning objective: Describe the use of (3-blockers for atrial fibril- 
lation associated with congenital hypertrophic cardiomyopathy. 

15. D The patient’s history, symptoms, and signs indicate that 
he was most likely affected by congenital hypertrophic car- 
diomyopathy, a disorder usually inherited in an autosomal 
dominant pattern. Classic symptoms of the disease are an- 
gina (a limited coronary blood flow reserve is present in 
hypertrophied states) and diastolic heart failure (due to the 
reduced compliance of the hypertrophied left ventricle). 
Beta-blockers without partial agonist activity (and calcium 


channel blockers that act on the heart, e.g., verapamil and 
diltiazem) are drugs of choice in this disease because they 
decrease cardiac contractility and increase diastolic ventric- 
ular filling (by causing bradycardia). Beta-blockers are also 
indicated in atrial fibrillation, as they can control the ven- 
tricular rate (“rate control”), even if they cannot reinstate 
normal sinus rhythm (“rhythm control”). In this case, they 
are useful for both conditions. 

A-C All of the listed drugs can be used, albeit rarely, in 
atrial fibrillation, but in this case, (3-blockers are definitely 
preferred (see correct answer explanation). 

E Nitrates are contraindicated in hypertrophic cardiomy- 
opathy because they reduce preload, which is already low 
because of the reduced volume and compliance of the left 
ventricle. 

Learning objective: Describe the main adverse effects of 
amiodarone. 

16. C The patient’s signs and symptoms indicate a pulmonary 
disorder. Microbial infection is unlikely, and diffuse bilat- 
eral lung infiltrates are consistent with pulmonary fibrosis. 
Amiodarone-induced pulmonary fibrosis is the most serious 
adverse effect of the drug. Its incidence is variable (1 to 7%of 
the population), and mortality is also quite variable (0.1 to 
10.0%of those affected). Amiodarone toxicity is cumulative 
and is more common in elderly patients, as in this case. 

A, B, D, E All of the other listed drugs may be used for pro- 
phylaxis of sustained ventricular tachycardia, but they do not 
cause pulmonary fibrosis. 

Learning objective: Describe the lupoid syndrome caused by 
procainamide. 

17. E The patient’s signs and symptoms are consistent with 
drug-induced lupus (also called lupoid syndrome), an auto- 
immune disorder that is similar to idiopathic systemic lupus 
erythematosus. The agents most commonly reported to cause 
the disorder are procainamide (about one third of the pa- 
tients taking the drug over a 1-year period) and hydralazine. 
Other drugs that can cause drug-induced lupus are chlor- 
promazine, isoniazid, methyldopa, quinidine, sulfonamides, 
and penicillamine. Onset ofthe drug-induced lupus syndrome 
can occur as soon as 1 month after therapy begins, as in this 
case. Unlike idiopathic lupus, drug-induced lupus typically 
improves rapidly after the discontinuation ofthe drug. 

A Quinidine can cause lupus but is not used to treat Wolff- 
Parkinson-White syndrome. 

B-D, F The risk of drug-induced lupus with these drugs is 
quite low. 




learning objective: Choose the appropriate antiarrhythmic drug 
for a patient with atrioventricular nodal tachycardia resistant to 
amiodarone. 

18. FThe patient was diagnosed with a reentrant supraventric- 
ular tachycardia. The two common types of reentrant tachy- 
cardias are 

• Atrioventricular nodal reentrant tachycardia (AVNRT), 
which is due to a functional division of the atrioventricu- 
lar (AV) node into two pathways with different conduc- 
tion characteristics. One is a fast conducting pathway, and 
the other is a slower conducting pathway. Because the 
electrical signal travels through the AV node, the QRS com- 
plex of this tachycardia is narrow. The tachycardia is usu- 
ally responsive to vagal maneuvers or adenosine acutely, 
or to calcium channel blockers, (3-blockers, or (historically) 
digoxin chronically. 

• Atrioventricular reciprocating tachycardia (AVRT) is due 
to an extra, abnormal electrical connection in the heart 
(often called an accessory pathway) that joins one of the 
atria with one of the ventricles. Because the electrical sig- 
nal travels through both the AV node and the accessory 
pathway, the QRS complex of this tachycardia is usually 
wide. In this form of tachycardia, adenosine, calcium chan- 
nel blockers, (3-blockers, and digoxin are usually contra- 
indicated because they decrease the conduction through 
the AV node, facilitating the conduction through the ac- 
cessory pathway. 

The electrocardiogram of the patient indicates that she was 
most likely suffering from an AVRT. Drugs that primarily de- 
crease conduction across the accessory pathway include some 
class I drugs (procainamide, propafenone, and flecainide) and 
class III drugs (amiodarone and sotalol), and they are used 
until the accessory pathway can be removed by ablation. 

It is common to change drug class when the first drug was 
not effective, as in this case. 

A-C Lidocaine, mexiletine, and phenytoin are minimally 
effective in supraventricular arrhythmias. 

D, E Nifedipine and nitroglycerin are actually contraindi- 
cated in AVRT (see correct answer explanation). 

learning objective: Identify the main contraindications of 
quinidine. 

19. C Class la and Ic antiarrhythmic drugs are absolutely contra- 
indicated in case of poisoning with tricyclic antidepressants 
as they share cardiotoxic and anticholinergic side effects with 
these drugs. Moreover, antiarrhythmic drugs that increase 
action potential duration are generally contraindicated in 
patients with widened QRS complexes. 

A, B Mexiletine and lidocaine are indicated, not contra- 
indicated, for treatment of ventricular arrhythmias. 


D Phenytoin is indicated in arrhythmias due to digitalis 
toxicity and is not contraindicated in ventricular arrhyth- 
mias, although its efficacy remains controversial. 

E Beta-blockers such as propranolol might be effective in 
treating tricyclic-induced arrhythmias, but they are not drugs 
of choice because they can cause bradycardia and worsen 
tricyclic-induced hypotension. 

Learning objective: Describe the main adverse effects of sotalol. 

20. D The electrocardiographic hallmark of polymorphic ven- 
tricular tachycardia is a long Q-T interval. Prolongation of 
Q-T interval indicates prolongation of action potential dura- 
tion, which is related to a decreased outward potassium cur- 
rent during phase 3 of the action potential. Long Q-T interval 
is present prior to the onset of tachycardia and is due to he- 
reditary or acquired potassium channel defects. Hereditary 
Q-T syndromes are due to rare mutations of the genes en- 
coding potassium channels. However, the importance of the 
disorder in everyday practice is related to its provocation by 
diseases or drugs that prolong Q-T interval. Diseases include 
hypothyroidism, subarachnoid hemorrhage, myocarditis, hy- 
pokalemia, and hypomagnesemia. Drugs include class la and 
III antiarrhythmic drugs, tricyclic antidepressants, neurolep- 
tics, some antihistamines, macrolide antibiotics, and quino- 
lones. All of these drugs are able to increase action potential 
duration by blocking or modifying potassium channels. High 
doses of these drugs can trigger polymorphic ventricular 
tachycardia in patients at risk. Sotalol is the only (3-blocker 
that can block potassium channels (a property not related to 
(3-receptor blockade), and it can cause polymorphic ventric- 
ular tachycardia. Moreover, the patient was taking a quino- 
lone and so was already at risk of developing the disorder. 

A-C, E, F See correct answer explanation. 

Learning objective: Describe the use of ibutilide in pharmacologi- 
cal cardioversion. 

21. E Ibutilide, a class III antiarrhythmic drug with potassium 
channel-blocking and sodium channel-enhancing effects, 
was the first drug approved by the U.S. Food and Drug Admin- 
istration for the termination of atrial flutter or fibrillation. 
The conversion rate with this drug is lower than the conver- 
sion rate with direct current but is generally attempted first, 
as electrical cardioversion requires general anesthesia. Other 
drugs that have been used for pharmacological cardioversion 
are quinidine, procainamide, and flecainide, but they are 
usually less effective than ibutilide with more frequent ad- 
verse effects. 

A-D None of these drugs are used for pharmacological 
cardioversion. 



learning objective: Describe the main adverse effects of verapamil. 

22. E With increasing prescription usage, poisoning with cal- 
cium channel blockers has increased dramatically. Clinical 
manifestations of verapamil overdosage include decreased 
consciousness, hypotension, and various bradyarrhythmias 
(bradycardia, atrioventricular block, asystole). 

A Ipratropium is given only by the inhalation route. More- 
over, systemic absorption of the drug is minimal. 

B Adenosine is used for the acute treatment ofparoxysmal 
ventricular tachycardia but is not a drug for chronic treat- 
ment. Moreover, it is given by the intravenous route, so poi- 
soning by this drug is unlikely in this case. 

C Propranolol is used to treat supraventricular arrhyth- 
mias but is contraindicated in this case because of chronic 
obstructive pulmonary disease. 

D Mexiletine is not used to treat supraventricular ar- 
rhythmias. 

Learning objective: Choose the appropriate antiarrhythmic drug 
for a patient with concomitant diseases. 

23. CThe first treatment goal in atrial fibrillation is to slow the 
ventricular rate, thus allowing the ventricles to contract and 
empty more effectively. Digoxin, (3-blockers, and calcium 
channel blockers all can be used effectively because they 
can cause an incomplete atrioventricular block, thus allow- 
ing fewer atrial impulses to pass into the ventricle. However, 
in this patient 

ADigoxin is contraindicated because of hyperparathyroid- 
ism, because hypercalcemia strongly increases digitalis sen- 
sitivity. Primary hyperparathyroidism is the most common 
cause ofhypercalcemia; its incidence is higher in postmeno- 
pausal women. 

B Nonselective (3-blockers are contraindicated because of 
peripheral occlusive arteriosclerosis. 

D, E Class lb antiarrhythmic drugs are not effective in su- 
praventricular arrhythmias. 

F Adenosine is only used for the acute treatment of supra- 
ventricular arrhythmias. 

learning objective: Explain the molecular mechanism of act ion of 
adenosine. 

24. E Adenosine activates specific A l adenosine receptors in the 
heart, which in turn open acetylcholine-sensitive K + chan- 
nels, that is, channels normally driven by parasympathetic 
activity. This leads to hyperpolarization of the sinoatrial 
and atrioventricular (AV) nodes. Adenosine is considered the 


agent of choice for the acute conversion ofparoxysmal supra- 
ventricular tachycardia. Vagotonic maneuvers (carotid sinus 
massage, Valsalva maneuver, etc.), particularly if used early, 
may terminate the arrhythmia. If these maneuvers are inef- 
fective, adenosine is used. Blocking conduction through the 
AV node for one beat interrupts the reentrant cycle. On the 
other hand, adenosine is contraindicated in wide complex 
supraventricular tachycardias because it can increase con- 
duction through the accessory pathway. 

A-D See correct answer explanation. 

Learning objective: Choose the appropriate drug for a patient 
with sinus bradycardia. 

25. E Sinus bradycardia complicating a myocardial infarction is 
most likely due to increased vagal activity. In this case, atro- 
pine is the drug of choice. 

A-D All of the other listed drugs can increase the heart 
rate, but they are physiological antagonists of acetylcholine. 
A pharmacological antagonist is better than a physiological 
antagonist in most cases. 

Learning objective: Describe the main adverse effects of amio- 
darone. 

26. FThe patient’s signs and symptoms are consistent with hy- 
pothyroidism. Amiodarone can cause either hyperthyroid- 
ism or hypothyroidism, although hypothyroidism is more 
common. These complications are a consequence ofthe high 
iodine content in amiodarone. When amiodarone is metab- 
olized in the liver, iodine molecules are released and can 
exert pharmacological effects. 

A-C, E All of these drugs may be used for sustained ven- 
tricular tachycardia prophylaxis, but they do not cause thy- 
roid disorders. 

D Lidocaine is not used for sustained ventricular tachycar- 
dia prophylaxis. 

learning objective: Identify the electrophysio logical property com- 
mon to (3-blockers, Ca 2+ channel blockers, and digoxin. 

27. A The first treatment goal in atrial fibrillation is to slow the 
ventricular rate, thus allowing the ventricles to contract and 
empty more effectively. Digoxin, (3-blockers, and calcium 
channel blockers can all be used effectively because they 
can cause an incomplete atrioventricular block, thus allow- 
ing fewer atrial impulses to pass into the ventricle. 

B-E See correct answer explanation. 



learning objective: Choose the appropriate antiarrhythmic drug 
for a patient with a concomitant disease. 

28. B The first treatment goal in atrial fibrillation is to slow the 
ventricular rate, thus allowing the ventricles to contract and 
empty more effectively. Calcium channel blockers such as 
verapamil with cardiac activity can decrease cardiac rate by 
causing an incomplete atrioventricular block, so that fewer 
atrial impulses can pass into the ventricle. 

A Amiodarone is used to maintain rhythm control in atrial 
fibrillation but is contraindicated in this case because of the 
chronic obstructive pulmonary disease. 

C Nifedipine is useless in this case because it has no anti- 
arrhythmic activity. 

D, E Class lb antiarrhythmic drugs such as lidocaine and 
mexiletine are not effective in supraventricular arrhythmias. 

F Beta-blockers such as sotalol can be used effectively in 
atrial fibrillation but are contraindicated in this case because 
of the chronic obstructive pulmonary disease. 

Learning objective: Outline the use of amiodarone in a patient 
with concomitant disease. 

29. C Amiodarone is considered a second-choice drug in any 
instance of atrial fibrillation, but it may be a first-choice drug 
in patients with concomitant hypertension and left ventric- 
ular dysfunction. It is therefore an appropriate drug to be 
tried in this case, Moreover, in this patient 

A Verapamil was not effective, so it seems unwise to try 
another drug (diltiazem) with the same mechanism of 
action. 

B, D Mexiletine and lidocaine are not effective in supra- 
ventricular arrhythmias. 

E Because sotalol was only partially effective, it is not ap- 
propriate to try another (3-blocker. 

foaming objective: Describe the use of adenosine for the acute 
treatment of supraventricular arrhythmias. 

30. CThe electrocardiogram record and the therapeutic maneu- 
vers strongly suggest that the patient is suffering from par- 
oxysmal supraventricular tachycardia. Adenosine is the drug 
of choice for the acute conversion of paroxysmal supraven- 
tricular tachycardia. The drug activates A 1 adenosine recep- 
tors, which in turn open acetylcholine-sensitive K + channels. 
This leads to hyperpolarization of sinoatrial (SA) and atrio- 
ventricular (AV) nodes, thus decreasing SAnode rhythm and 
AV conduction. 

A, B, D Class lb drugs have no effect on most supraven- 
tricular arrhythmias. 

E, F Class IV drugs with cardiac activity may be attempted 
to slow conduction in the AV node, but adenosine is tried 
first in most cases. 


foaming objective: Describe the use offlecainide to treat certain 
forms of ventricular tachycardia 

31. D Idiopathic left ventricular tachycardia is a ventricular ar- 
rhythmia that usually presents in patients between 15 and 
40 years of age with structurally normal hearts. The arrhyth- 
mia responds well to class Ic antiarrhythmic drugs and to 
verapamil for acute termination, as well as for long-term 
control. 

A, E These drugs are given intravenously and have a short 
half-life. They cannot be used for the chronic control of ven- 
tricular tachycardia. 

B, C These drugs are useless in idiopathic ventricular 
tachycardia. 

Learning objective: Describe the use of lidocaine in the acute 
treatment of ventricular arrhythmias. 

32. E Making the distinction between supraventricular tachy- 
cardia and ventricular tachycardia (VT) is important be- 
cause this distinction influences subsequent management. 
The hallmark of VT is atrioventricular dissociation, as in this 
case. The impulse arises from the ventricle without relation- 
ship to the atria, unless retrograde atrial conduction occurs. 
Sustained VT is a medical emergency because it can develop 
into ventricular fibrillation if untreated. Lidocaine and amio- 
darone are first-line agents in this setting. Procainamide is a 
backup drug for VT. 

A Phenytoin is mainly effective in VT resulting from 
digitalis excess. Its efficacy in VT due to other causes is 
questionable. 

B, C Calcium channel blockers such as verapamil and qui- 
nidine are usually not effective in VT. 

D Mexiletine is a lidocaine-like drug that is used to pre- 
vent recurrence of VT. However, it is given orally and is not a 
drug for an emergency treatment. 

foaming objective: Describe the use offlecainide for the chronic 
control of supraventricular arrhythmias. 

33. B Drugs used to maintain sinus rhythm after cardioversion 
include class la, Ic, and III antiarrhythmics, but in a pa- 
tient with no structural heart disease, flecainide is usually 
preferred. 

A Amiodarone could be used in the present case but it 
blocks the inactivated Na + channels only and strongly in- 
creases the action potential duration. 

C-E These drugs are not used for rhythm control of atrial 
flutter and fibrillation after cardioversion. 




learning objective: Describe the antiarrhythmic use of magne- 
sium sulfate. 

34. E The patient’s history and symptoms suggest that he was 
most likely suffering from an adverse effect of quinidine, a 
drug currently used to cut heroin and cocaine. The electro- 
cardiogram indicated that the patient’s arrhythmia was 
torsades de pointes (TdP). TdP occurs in conjunction with 
a long Q-T interval that was present prior to the onset of 
tachycardia. Avast array of drugs can cause TdP, especially 
when given at high doses. An exception is quinidine, because 
it can cause the disorder even at therapeutic plasma concen- 
trations. Magnesium is considered a first-line agent to re- 
store and maintain normal sinus rhythm in TdP. A loading 
dose is usually given intravenously (IV) followed by IV in- 
fusion. The exact mechanism of action of magnesium is 
unknown. 

A-D All of these drugs are in fact contraindicated, as they 
can trigger TdP in patients at risk. 

F, G Verapamil and lidocaine are not effective in TdP. 

Learning objective: Describe the electrophysio logical actions of 
amiodarone. 

35. CThe increase in action potential duration is the hallmark of 
class III drugs. This increase primarily results from blockade 
of potassium channels. 

AThe slope of phase 4 is actually decreased by most anti- 
arrhythmic drugs. 

B Slope of phase 0 is unaffected by amiodarone because it 
blocks the inactivated potassium channel only. 

D The length of phase 2 depends on calcium channels. 
Amiodarone has little effect on calcium channels unless high 
doses are given. 

E A condition that increases (i.e., makes less negative) the 
maximum diastolic potential would increase the automatic- 
ity of pacemaker cells; amiodarone does the reverse. 

learning objective: Describe the main drug-drug interactions with 
of amiodarone. 

36. C Amiodarone is a potent inhibitor of the cytochrome P-450 
enzyme system. Two of the most significant interactions 
associated with amiodarone are with warfarin and digoxin. 
The time course of these interactions is prolonged due to 
the long half-life of amiodarone. Usually dosages of warfarin 
are reduced by 30 to 50% after amiodarone is instituted. 
Amiodarone can increase digoxin serum levels, with most 
studies reporting an approximate doubling of these levels. 
The exact mechanism of this interaction is unknown and is 
probably multifactorial. 

A, B, D See correct answer explanation. 

E Warfarin should be continued for at least 3 weeks after 
return to sinus rhythm. 


foaming objective: Choose the appropriate antiarrhythmic drug 
for a patient with concomitant diseases. 

37. G The electrocardiogram is diagnostic for atrial fibrillation 
(absence of P waves and the “irregularly irregular” ventricu- 
lar rate).The aim of therapy of atrial fibrillation is to reduce 
the high ventricular rate to avoid the risks related to tachy- 
cardia. This can be achieved by 

• Giving drugs that depress conduction and increase re- 
fractoriness in the atrioventricular node, so that fewer 
impulses can reach the ventricle (called “rate control”) 

• Restoring the normal sinus rhythm (called “rhythm 
control”) 

Usually the control of ventricular rate is instituted first, as 
this control may cause a dramatic diminution of the pa- 
tient’s symptoms. Appropriate drugs are digoxin, (3-blockers, 
and calcium channel blockers. The choice among these agents 
depends on the concomitant disease. 

Restoration of the sinus rhythm can be attempted with 

• Electrical cardioversion, which is accomplished with a sin- 
gle strong electric shock that throws the entire heart into 
refractoriness for a few seconds; a normal sinus rhythm 
usually follows. 

• Pharmacological cardioversion, which can be accomplished 
with many antiarrhythmic drugs, including flecainide, 
(3-blockers, sotalol, and amiodarone 

Today ibutilide seems the therapy of choice. 

Both electrical and pharmacological cardioversion can be 
complicated by systemic embolism. Therefore, therapeutic 
anticoagulation should be given for at least 3 weeks prior 
to cardioversion and continued for 4 weeks after cardio- 
version. 

It is important to note that restoration to normal sinus 
rhythm can be achieved easily (in over 90%of patients after 
cardioversion) but is difficult to maintain (sinus rhythm re- 
mains for 12 months in only 30 to 50%), and using rhythm 
control rather than rate control in patients with atrial fibril- 
lation does not improve outcomes and increases the risk 
of torsades de pointes. This explains why many patients can 
simply be managed with rate control, as in this case. The 
choice of a calcium channel blocker for this patient is appro- 
priate because 

A, E Beta-blockers are contraindicated because the patient 
is suffering from severe asthma. 

B Flecainide can be used for rate control in patients with 
atrial fibrillation, but it can provoke or exacerbate poten- 
tially lethal arrhythmias primarily when the patient has cor- 
onary artery disease, as in this case. 

C, D Mexiletine and lidocaine are usually not effective in 
supraventricular arrhythmias. 

F Adenosine has a very short half-life and is used to offset 
attacks of paroxysmal supraventricular tachycardia. 




learning objective: Identify the antiarrhythmic drug with a half- 
life of about 1 month. 

38. D Amiodarone is the treatment of choice when antiarrhyth- 
mic therapy is chosen to prevent recurrence of ventricular 
tachycardia or when the tachycardia is accompanied by he- 
modynamic instability, as in this case. Amiodarone’s half-life 
is extremely long (14 to 53 days) because the drug is very 
lipid soluble and therefore has a huge volume of distribution 
(about 4500 L). This very long half-life has two consequences: 

• Adverse effects persist long (4 to 6 weeks) after the dis- 
continuation of the drug. 

• Loading doses are used to accelerate the onset of drug 
effect. 

A-C, E, F The half-life of these drugs does not exceed 24 
hours. 

Learning objective: Describe the electrophysio logical actions of 
ibutilide. 

39. CBlockade of activated K + channels is the distinctive feature 
of class III antiarrhythmic drugs. The slope of phase 3 of the 
cardiac action potential is mainly dependent on K + current. 
The higher the number of K + channels that are in the open 
state, the higher the K + current and the faster the repolariza- 
tion phase. By blocking K + channels, the K + current will be 
less intense, and the repolarization phase will be prolonged, 
increasing the action potential duration. 


A By blocking K + channels, ibutilide slows down repolar- 
ization; therefore, action potential duration is increased, not 
decreased. 

B Ibutilide has little effect on Na + channels (if anything, it 
seems to activate some Na + channels); therefore, the slope of 
phase 0, which depends on the activation of those channels, 
is not decreased. 

D The effective refractory period depends on the action 
potential duration; it is therefore increased, not decreased. 

E The slope of phase 4 is related to automaticity (the 
steeper the slope, the higher the automaticity). Most anti- 
arrhythmic drugs decrease the slope of phase 4, unless toxic 
doses are given. 
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Answers and Explanations: IV-6 Antihyperlip id emic Drugs 


Questions 1-4 

1. A 

2. D 

3. A 

4. C 

learning objective: Describe the mechanism of action of 

HMG-Co A (3 -hydroxy-3 -methylglutaryl-coenzyme A) reductase 

inhibitors. 

5. C HMG-CoA reductase inhibitors inhibit 3-hydroxy-3-meth- 
ylglutaryl-Co A reductase, which is the enzyme that catalyzes 
the synthesis ofmevalonic acid from 3-hydroxy-3-methylglu- 
taryl-CoA. The formation ofmevalonic acid is the rate-limiting 
step in cholesterol biosynthesis. 

A The statin-induced inhibition of cholesterol synthesis in 
the liver results in an upregulation, not downregulation, of 
hepatic high-affinity low-density lipoprotein (LDL) receptors, 
which in turn causes an increased removal of LDL from the 
blood. 

B Statins have no effect on lipoprotein lipase. 


D The LDLs removed from the blood fuse together in the 
liver, forming larger vesicles called endosomes. Because re- 
moval of cholesterol from blood is increased by statins, stor- 
age of LDL in hepatic endosomes will also be increased, not 
decreased. 

E, F Statins can increase the plasma levels of hepatic amino- 
transferase and creatine phosphokinase, but this is a sign of 
potential toxicity, not of therapeutic efficacy of these drugs. 

Learning objective: Describe the antihype dip id emic efFects of 
cholestyramine. 

6. CType II hyperlipoproteinemia is characterized by an eleva- 
tion of low-density lipoprotein (LDL), which may be primary 
or secondary. Statins are currently used in this disease, but 
the physician avoided them in this case because the patient is 
a woman of reproductive age. Bile acid-binding resins in- 
crease the intestinal elimination of bile acids. This increased 
elimination causes an upregulation of hepatic LDL receptors, 
which in turn reduces the plasma level of LDL 

A, B, D, E These compounds are not consistently affected by 
bile acid-binding resins. 




learning objective: Describe the main drug interactions with 
cholestyramine. 

7. D Cholestyramine is an anion exchange resin that binds bile 
acids in the intestinal lumen, thus preventing their reab- 
sorption. In fact, the excretion of bile acid is increased up to 
10-fold when the resin is given. This in turn causes an en- 
hanced conversion of cholesterol to bile acids in the liver, an 
increased uptake of low-density lipoprotein (LDL) and inter- 
mediate-density lipoprotein from plasma, and an upregula- 
tion of high -affinity LDLreceptors on cell membranes. Resins 
can bind many drugs (including (3-blockers and thiazides), 
reducing their intestinal absorption. 

A, B, E, F Cholestyramine does not affect the distribution 
or the elimination of drugs given concomitantly. 

CIntestinal absorption ofpropranolol is actually decreased; 
therefore, the oral bioavailability is decreased, not increased. 

learning objective: Describe the main contraindications of cho- 
lestyramine. 

8. B Cholestyramine can cause severe constipation and is 
therefore contraindicated in patients with hemorrhoids. In 
addition, the drug is contraindicated in patients with any 
coagulation defect because it decreases the intestinal ab- 
sorption of vitamin K. 

A, C-E See correct answer explanation. 

Learning objective: Explain the mechanism of action of gem- 
fibrozil. 

9. D The prescribed drug was most likely a fibrate. In fact, fi- 
brates are the drugs of first choice when there is a big, iso- 
lated increase in triglyceride level. Moreover, in this patient, 
niacin is contraindicated because of hyperuricemia, resins 
can cause an increase in triglyceride level, and statins should 
be avoided in a woman of reproductive age. The mechanism 
of action of fibrates is still uncertain but most likely involves 
a gene-mediated increase in lipoprotein lipase synthesis. 

A Fibrates cause lipolysis, not an increase of lipid 
synthesis. 

BThe antihyperlip idemic agents tend to cause an upregula- 
tion, not a downregulation, of low-density lipoprotein (LDL) 
receptors. 

C Statins, not fibrates, inhibit HMG-CoA (3 -hydroxy-3 - 
methylglutaryl-coenzyme A) reductase activity in the liver. 

E Fibrates have no effect on absorption of exogenous 
cholesterol. 

learning objective: Explain the mechanism of action of ezetimibe. 

10. E Ezetimibe inhibits the absorption of cholesterol by the 
small intestine, apparently by blocking a specific sterol trans- 
porter, Niemann-Pick Cl -like 1 (NPC1L1), located in the 
epithelial cells of intestinal mucosa. 

A-D See correct answer explanation. 


learning objective: Describe the main drug interactions with 

ezetimibe. 

11. B Ezetimibe lowers the serum cholesterol concentration 
by selectively inhibiting the absorption of cholesterol from 
the small intestine. It has a modest cholesterol-lowering 
effect when used alone, but the combination with HMG 
(3-hydroxy-3-methylglutaryl) reductase inhibitors can re- 
duce low-density lipoprotein (LDL) cholesterol levels up to 
70% 

A The risk of statin-induced myopathy is not affected by 
the concomitant administration of ezetimibe (the risk is, 
instead, increased by the concomitant administration of fi- 
brates or niacin). 

C, D Ezetimibe does not affect the pharmacokinetics of 
lovastatin. 

E Ezetimibe does not appreciably increase the high-density 
lipoprotein (HDL)-raising effect of lovastatin. 

learning objective: Explain the mechanism of action of niacin. 

12. A Niacin inhibits very-low-density lipoprotein (VLDL) pro- 
duction by hepatocytes, which in turn decreases production 
of low-density lipoprotein (LDL). The mechanism of this 
action is still uncertain but seems to involve 

• A decreased synthesis of triglycerides by the liver 

• An inhibition of lipolysis in adipose tissue, which in turn 

causes a decreased delivery of free fatty acids to the liver 

• Astimulation of lipoprotein lipase activity, which enhances 

hydrolysis ofVLDLand delivery of triglycerides to adipose 

tissue 

B Niacin actually increases the synthesis of high-density 
lipoprotein (HDL) by the liver. It also can cause hyperurice- 
mia in about 20%of patients by an unknown mechanism. 

C Niacin causes a substantial reduction of fibrinogen 
levels, which can be of value in case of atherosclerosis or 
thrombosis. 

D Niacin actually inhibits lipolysis of triglycerides by hor- 
mone-sensitive lipase in adipose tissue. 

E Niacin has negligible effects on exogenous cholesterol 
absorption. 

Learning objective: Describe the site of action of HMG-CoA 

(3 -hydroxy-3 -methylglutaryl-coenzyme A) reductase inhibitors. 

13. C HMG-CoA reductase is located in the liver endoplasmic 
reticulum, so all HMG-CoA reductase inhibitors such as lo- 
vastatin act in the cytoplasmic compartment of liver cells, 
where the endoplasmic reticulum is located 

A, D Alteplase and heparin act on plasma enzymes. 

B Aspirin inhibits thromboxane synthesis in platelets. 

E Ezetimibe acts on intestinal cell brush border membranes. 

F Metoprolol acts on receptors located in cell membranes. 



learning objective: Describe the main contraindications of niacin. 

14. B Niacin is relatively contraindicated in patients suffering 
from gout and hyperuricemia because it tends to increase 
uric acid levels. 

A Cholestyramine could be appropriate in this patient be- 
cause he has an isolated increase of low-density lipoprotein 
(LDL). 

C, D Statins are effective in all disorders involving elevated 
levels of LDL. 

E Fibrates are useless (reduction of LDL is usually negli- 
gible) but not contraindicated in this patient. 

Learning objective: Describe the clinically relevant drug inter- 
actions with niacin. 

15. CThe cutaneous vasodilation and uncomfortable flushes are 
adverse effects that most people experience after each dose 
of niacin. They seem to be primarily prostaglandin-mediated, 
and therefore an aspirin (or another nonsteroidal antiinflam- 
matory drug) can alleviate the flushing in many patients. Be- 
cause these effects undergo rapid tolerance, aspirin is needed 
only during the first days of therapy. 

A There is no rationale for the use of warfarin. In fact, nia- 
cin can cause a substantial reduction of circulating fibrino- 
gen levels, which actually reduces the risk of thrombosis. 

B There is no rationale for the use of atropine. Moreover, 
the drug would worsen the cholestyramine-induced con- 
stipation. 

D Prazosin would increase the niacin-induced vasodilation. 

E Gemfibrozil is used only in case of hypertriglyceridemia. 
In this patient, triglyceride levels are normal. 

learning objective: Describe the adverse effects of cholestyramine. 

16. EThe signs and symptoms of the patient indicate that he is 
suffering from metabolic acidosis most likely due to chole- 
styramine overdose. A very high dose of cholestyramine 
can cause metabolic acidosis mainly in patients at risk, as in 
this patient, who is prone to metabolic acidosis because of 
diabetes. 

Cholestyramine is an anion exchange resin that binds neg- 
atively charged bile acids. Chloride is released from binding 
sites in exchange for bile acids, so chloride anions can be ab- 
sorbed. When an anion other than bicarbonate is increased 
in plasma, HCO 3- must decrease in order to maintain elec- 
troneutrality. A reduced plasma bicarbonate concentration 
is defined as acidosis. Because in this case the acidosis is due 
to an increase in chloride anion, it is called hyperchloremic. 

B Insulin protects diabetic patients from ketoacidosis, so 
in this case one can suspect that an insufficient insulin 
dosage and an inappropriate diet were unlikely contributing 
factors. 

A, C, D These drugs do not cause or trigger metabolic 
acidosis. 


Learning objective: Describe the site of action of gemfibrozil. 

17. B Fibrates bind to and activate a nuclear receptor (the peroxi- 
some proliferator-activated receptor alpha) in hepatocytes, 
skeletal muscle, and the heart. Activation of this receptor in 
turn activates transcription of genes that modulate protein 
expression. The main consequence is the increased expres- 
sion of lipoprotein lipase. 

A, C-F See correct answer explanation. 

learning objective: Describe the adverse effects of HMG-CoA 

(3 -hydroxy-3 -methylglutaryl-coenzyme A) reductase inhibitors. 

18. E The patient was most likely affected by myopathy, a rare 
but serious adverse effect of statins. The disorder occurs in 
less than 0.1%of patients when statins are given alone, but 
it can occur more often when they are given together with 
niacin or fibrates (up to 5%when given with gemfibrozil). 
Myopathy can cause rhabdomyolysis with myoglobinuria, as 
in this case. 

A-D These drugs do not cause myopathy. 

Learning objective: Describe the antihyperlip id emic effects of 

niacin. 

19. D Low high-density lipoprotein (HDL) level is a predictor of 
increased coronary artery disease (CAD), independent of all 
other risk factors. Therefore, it is important to raise HDD 
even if the other lipid fractions are normal, especially if the 
patient has other risk factors for CAD, as in this case. The 
main factors that are correlated with low HDL are cigarette 
smoking, obesity, androgenic or related steroids, hypertri- 
glyceridemia, and genetic factors. Some lipid-lowering drugs 
can raise HDL even if other lipid parameters are in the nor- 
mal range, as in this case. Niacin (by an unknown mecha- 
nism) has the greatest ability to raise HDL, up to 30% and is 
therefore the drug of choice in disorders associated with ex- 
tremely low serum levels ofHDL(these patients tend to have 
premature atherosclerosis, and the low HDLlevel may be the 
only identified risk factor). 

A Gemfibrozil can raise HDL up to 10% 

B Statins can raise HDL up to 10% 

C, E Resins and ezetimibe have little effect on HDL 

Learning objective: Describe the main site of action of cho- 
lestyramine. 

20. B Cholestyramine is an acid-binding resin. These drugs act 
by binding bile acids and similar steroids in the small intes- 
tine, thus preventing reabsorption of bile acids secreted by 
the liver. In this way, they increase the need of cholesterol 
by the liver, which in turn induces an upregulation of liver 
low-density lipoprotein (LDL) receptors. 

A, C-E See correct answer explanation. 




Learning objective: Identify the patient population that can bene- 
fit most from antihyperlip id emic drugs. 

21. Bit is well known that there is a direct relationship between 
the total and low-density lipoprotein (LDL) cholesterol in 
blood and the risk of coronary heart disease (CHD). It is also 
well known that the risk of CHD increases with age and that 
women have a very low risk of CHD during premenopausal 
years, but that after menopause, the rate of developing CHD 
parallels that of men. Therefore, men tend to develop CHD in 
their 50s and 60s, whereas women tend develop it in their 
60s and 70s. This explains why the antihyperlipidemic drugs 
are mostly beneficial for middle-aged men and least benefi- 
cial for women during premenopausal years. 

A, C-E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of HMG-CoA 

(3 -hydroxy-3 -methylglutaryl-coenzyme A) reductase inhibitors. 

22. CThe signs and symptoms of the patient indicate that she 
was most likely suffering from a transient ischemic attack, a 
brief episode of neurologic disturbance caused by a reduced 
blood supply to an area of the brain. Aspirin is the drug most 
frequently used to decrease the risk of stroke in these pa- 
tients, but it has been consistently shown that statins can 
also reduce this risk. 

EFibrinolytic drugs are first-line agents for the acute ther- 
apy of stroke but not for the chronic prophylactic treatment. 

A, B, D, F See correct answer explanation. 

Learning objective: Describe the adverse effects of HMG-CoA 

(3 -hydroxy-3 -methylglutaryl-coenzyme A) reductase inhibitors. 

23. E Creatine kinase is an enzyme found in high concentration 
in heart and skeletal muscle. Because this enzyme exists in 
relatively few organs, its serum concentration is used as a 
specific index of injury of myocardium or skeletal muscle. In 
fact, creatine kinase levels can prove helpful in recognizing 
muscular dystrophy before clinical signs appear. 

A This enzyme mediates the first step in cholesterol 
biosynthesis. 

B Aminotransferase (alanine and aspartate aminotransfer- 
ase) levels are measured primarily to diagnose liver disease. 

C Alkaline phosphatase is an enzyme originating mainly in 
the bone and liver, with some activity in the kidney and in- 
testine. The enzyme is measured primarily as an index of 
bone or liver disease. 

D This enzyme mediates the synthesis of eicosanoids. 

learning objective: Explain the mechanism of action of cho- 
lestyramine. 

24. A Cholestyramine is a bile acid-binding resin. Drugs of this 
class are highly positively charged (cholestyramine is a qua- 
ternary amine) and bind negatively charged bile acids in 


exchange with CL. Because of their large size, resins are not 
absorbed, and the bound bile acids are excreted in the stool. 
In this way, enterohepatic circulation of bile acids is pre- 
vented (normally, more than 95% of bile acids are reab- 
sorbed; their excretion is increased up to 10-fold when the 
resins are given). 

B-ENone of these drugs affect bile acid elimination. 

Learning objective: Choose the appropriate antihyperlipidemic 

drug for a patient with concomitant disease. 

25. C Currently, statins represent the most effective and best tol- 
erated agents for treating dyslipidemia. They are effective in 
all types of dyslipidemia, and when given as a single agent, 
they may decrease low-density lipoprotein (LDL) cholesterol 
up to 60%and total cholesterol up to 45% Therefore, they are 
the drugs of first choice for treatment of elevated LDLcholes- 
terol. Higher doses can also reduce triglyceride levels up to 
35% Moreover, in this patient 

ANiacin should be avoided because of diabetes and peptic 
ulcer. 

B Cholestyramine is relatively contraindicated because 
it could impair the absorption of the other currently used 
drugs. 

D Unlike niacin, nicotinamide is devoid of antihyperlipid- 
emic properties. 

E Fibrates such as gemfibrozil are the drugs of choice for 
treating type III hyperlipidemia (familial dysbetalipoprotein- 
emia), as well as high triglyceride levels. They do not signifi- 
cantly decrease LDL 

Learning objective: Describe the adverse effects of HMG-CoA 

(3 -hydroxy-3 -methylglutaryl-coenzyme A) reductase inhibitors. 

26. B Statins are often prescribed after a myocardial infarction 
to prevent reinfarction. Statins cause an increase in liver 
enzymes in about 2%of patients. Abnormal enzyme values 
usually resolve with cessation of treatment, but the drug 
should be discontinued when the aminotransferase activity 
is persistently elevated to more than 3 times the normal 
limits because of the risk of hepatotoxicity. 

A, C-E These drugs do not cause an increase in liver 
enzymes. 

Learning objective: Outline the therapeutic uses of antihyperlipid- 
emic drug combinations. 

27. A The five major classes of antihyperlipidemic drugs can be 
given in combination when 

• Low-density lipoprotein (LDL) and very-low-density lipo- 
protein (VLDL) are both elevated. 

• LDLor VLDLis not normalized with a single agent. 

• Pronounced high-density lipoprotein (HDL) deficiency 

coexists with other hyperlipidemias. 




Statins work with resins in a highly synergistic manner, de- 
creasing total cholesterol by up to 65% Moreover, in this 
patient 

B, CNiacin should be avoided because it can cause hyper- 
glycemia in diabetics by increasing insulin resistance. 

D, E Fibrates cause only a modest reduction in total 
cholesterol, and the combinations with other antihyper- 
lipidemic drugs are used only in patients with combined 
hyperlipidemia. 

Learning objective: Outline the therapeutic uses o f antihyperlip id - 
emic drugs. 

28. C All of the patients except patient 5 should start a lipid- 
lowering drug therapy, as they still have an abnormal lipid 
profile after 4 months of diet. Patient 3, however, is the one 
who needs the drug therapy the most, because he has three 
risk factors: high triglycerides, high low-density lipoprotein 
(LDL), and low high-density lipoprotein (HDL) levels. 

A Patient 1 has high triglycerides, normal LDL cholesterol 
levels, and low HDLcholesterol levels (two risk factors). 

BPatient 2 has normal triglycerides and normal LDLcholes- 
terol levels but low HDLcholesterol levels (one risk factor). 

D Patient 4 has marginally high triglycerides and high LDL 
cholesterol levels but very high HDL cholesterol levels (an 
HDL> 60 mg/dLrepresents a negative risk factor). 

Learning objective: Outline the therapeutic uses o f antihyperlip id - 
emic drug combinations. 

29. C The patient’s acute renal failure was most likely due to 
rhabdomyolysis, which is a consequence of myopathy, a rare 
but serious adverse effect of statins. The excessive release of 
myoglobin from the damaged muscle can explain the red 
and clear urine and the acute renal failure, most likely due to 
precipitation of myoglobin into renal tubules with second- 
ary tubular obstruction. The incidence of myopathy is low 
(< 0.1%) when a statin is given alone but is much increased 
(up to 5%) in patients who concomitantly receive fibrates. In 
this case, the patient most likely received a combined therapy 


with lovastatin and gemfibrozil, as both cholesterol and tri- 
glycerides were elevated. 

A, B Cholestyramine does not increase the risk of rhabdo- 
myolysis when taken with other antihyperlipidemic drugs. 

D As stated above, statins alone have a low risk of 
myopathy. 

ENiacin alone does not cause myopathy. 

learning objective: Describe the mechanism of action of antihy- 
perlipidemic drugs. 

30. D The increased bile acid excretion caused by anion exchange 
resins leads to an upregulation of hepatic low-density lipo- 
protein (LDL) receptors, which in turn increases the extraction 
of cholesterol from plasma. In the same way, the inhibition 
of cholesterol synthesis by statins causes an upregulation of 
hepatic LDLreceptors. 

A The intestinal reabsorption of bile acids is decreased by 
cholestyramine, but statins can cause a compensatory in- 
crease in cholesterol absorption. 

B The conversion of cholesterol to bile acids is actually 
increased by cholestyramine. 

C The synthesis of endogenous cholesterol by the liver is 
decreased by statins, but cholestyramine can cause a com- 
pensatory increase of cholesterol synthesis. 

E Statins decrease triglyceride production, but the resin- 
induced increase in bile acid production can be accompanied 
by an increase in hepatic triglyceride synthesis. 
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Answers and Explanations: IV- 7 Drugs Affecting Hemostasis 


Questions 1-4 

1. A 

2. F 

3. C 

4. B 


Learning objective: Explain the mechanism of actions of 
clopidogrel. 

5. D Clopidogrel is an antiplatelet drug that causes an irre- 
versible inhibition of adenosine diphosphate (ADP) receptors, 
thereby inhibiting ADP-mediated platelet aggregation. The 
drug is used to prevent recurrence of ischemic stroke mainly 
in people who are at risk of aspirin hypersensitivity, such as 
the asthmatic patient in this case. 

A-C, E, F None of these drugs block platelet ADP receptors. 




learning objective: Explain the molecular mechanism of action 
of heparin. 

6. E The activity of antithrombin III inhibits clotting factor pro- 
teases by forming equimolar stable complexes with them. 
Heparin strongly accelerates this reaction, which is the basis 
of its anticoagulant activity. 

A-D These drugs do not affect the binding between anti- 
thrombin III and clotting factor proteases. 

foaming objective: Describe the main adverse effects of warfarin. 

7. D The primary approach to prevent valvular thrombosis 
and systemic thromboembolism associated with mechanical 
prosthetic valve replacement is long-term anticoagulation 
with warfarin. Most likely, the dose of warfarin was too high, 
so bleeding occurred, as pointed out by the signs and symp- 
toms ofthe patient. 

AFibrinolytic drugs such as streptokinase are not indicated 
for long-term prevention of thrombosis. 

B Aspirin is sometimes used together with warfarin in treat- 
ing patients with prosthetic valves, mainly when evidence of 
thromboembolism exists despite adequate anticoagulation. 
However, it is not effective for prevention when given alone. 

C, F The question specifies oral anticoagulant therapy. Hep- 
arin and bivalirudin must be given parenterally and therefore 
are not suited for long-term anticoagulation. 

E Aminocaproic acid is an antiplasmin drug and therefore 
would be contraindicated in this setting. 

foaming objective: Describe the main contraindications for fibri- 
nolytic drugs. 

8. B The patient’s signs and symptoms suggest that she was 
most likely suffering from acute pericarditis. In the current 
era of thrombolytic therapy for acute coronary occlusion, 
the distinction between myocardial infarction (MI) and acute 
pericarditis is crucial. If pericarditis is misdiagnosed as MI, 
thrombolytic drugs may cause pericardial hemorrhage and 
cardiac tamponade. Usually pericardial pain can be distin- 
guished from ischemic coronary pain because the latter is 
not aggravated by chest motion. When present, a precordial 
friction rub is diagnostic, as in this case. Pericarditis may be 
caused by inflammation, trauma, or neoplasm. Sometimes it 
accompanies systemic diseases, as in this case. Most often, 
however, the etiology of acute pericarditis cannot be identi- 
fied and is referred to as idiopathic. 

A, C Antiinflammatory drugs are used to relieve inflamma- 
tion and pain of acute pericarditis. 

D If pain does not subside with antiinflammatory drugs, 
opioids can be used. 

E Antibiotics are employed when pericarditis is due to 
bacterial infection (most commonly tuberculosis). 


foaming objective: Choose the appropriate therapy for a patient 
suffering from severe warfarin overdose. 

9. E The symptoms of the patient strongly suggest a hemor- 
rhagic complication of warfarin therapy. The standard treat- 
ment of warfarin overdose would be vitamin K, but the 
patient is diaphoretic and hypotensive, suggesting that bleed- 
ing is life-threatening. In this case, the action of vitamin K 
is too slow to be useful (onset is delayed for 6 hours and is 
complete by 24 hours). Fresh frozen plasma (which contains 
prothrombin and factors VII, IX, and X) or activated clotting 
factors should be administered in case of severe acute bleed- 
ing due to anticoagulant therapy. 

A See correct answer explanation. 

B-D These drug are either useless or dangerous in bleed- 
ing disorders. 

foaming objective: Explain the mechanism of coagulant action of 
desmopressin. 

10. A Vasopressin and desmopressin increase plasma levels of 
factor VIII and von Willebrand factor, presumably by V 0 re- 
ceptor-mediated release from storage sites in vascular endo- 
thelium. Because of this, desmopressin is sometimes used 
after minor trauma or before elective dental surgery in 
patients with mild hemophilia A who have demonstrated 
responsiveness. 

B-E Desmopressin does not have these effects. 

fearning objective: Explain the mechanism of action of dabigatran. 

1 1 . CDabigatran is a new oral anticoagulant that acts by binding 
reversibly to thrombin, thus blocking thrombin activity. Un- 
like warfarin, this direct thrombin inhibitor has a rapid onset 
of action, does not interact with P-450-interacting drugs, 
and gives a predictable anticoagulant response, making rou- 
tine anticoagulant monitoring unnecessary. 

A, B, D, E See correct answer explanation. 

framing objective: Describe the clinically important drug inter- 
actions of warfarin. 

12. BMacrolide antibiotics can inhibit warfarin metabolism, re- 
sulting in increased plasma levels of the drug. This inter- 
action is well established, and prolongation of prothrombin 
time may occur even with small doses of erythromycin. 

A Erythromycin does not inhibit the synthesis of clotting 
factors. 

C Warfarin can cause local thrombosis that seems related 
to the inhibition of anticoagulant protein C, but this adverse 
effect is rare and usually occurs during the first day of 
warfarin therapy when the anticoagulant effect is not yet 
operative. 



D Erythromycin has no effect on the intestinal absorption 
of vitamin k. 

E Warfarin does not affect production of vitamin Kby in- 
testinal flora. 

Learning objective: Describe the therapeutic uses of abciximab. 

13. F Various anticoagulation regimens are always performed 
before, during, and after angioplasty to reduce the incidence 
of thrombosis. Heparin (not listed) and abciximab are the 
two drugs given intravenously for this purpose. 

A, B Warfarin and clopidogrel are not given intravenously. 
They are usually started some time before the intervention 
and continued for months after it. 

C-EThe use of protamine, aminocaproic acid, and recom- 
binant factor Vila during coronary angioplasty would be 
irrational. 

Learning objective: Describe the main adverse effects of heparin. 

14. C The lab results indicate that the patient was most likely 
suffering heparin-induced thrombocytopenia (HIT). The 
disorder can be asymptomatic (type I) or associated with 
peripheral vascular occlusion, which can cause stroke, myo- 
cardial infarction, tissue gangrene, or even death (type II). In 
fact, the mortality rate of type II HIT can be as high as 40% 
HIT occurs in about 1 to 5%of patients receiving unfraction- 
ated heparin. The pathogenesis of HIT is still uncertain, but 
it appears that heparin-dependent immunoglobulin G (IgG) 
antibodies activate platelets that aggregate intravascularly. 
Consequently, platelet-fibrin thrombi may form, leading to 
vascular occlusion. 

A, B, D, E The risk of thrombocytopenia with all of the 
other listed drugs is either low (aspirin) or negligible. 

learning objective: Describe the clinically important drug inter- 
actions of warfarin. 

15. CCimetidine is a potent inhibitor of the cytochrome P-450 
system and can thereby increase the plasma level of several 
drugs, including warfarin. Blood in urine is often the first 
sign of bleeding from anticoagulant therapy. 

A Warfarin is almost completely metabolized by the liver, 
so its renal clearance is negligible. 

B, D, E Cimetidine has no effect on the intestinal absorp- 
tion of vitamin K, on blood coagulation, or on binding of 
warfarin to plasma proteins. 

Learning objective: List the exams that should be done frequently 

during heparin treatment. 

16. B Because heparin-induced thrombocytopenia (HIT) is a 
serious adverse effect of heparin, a platelet count should be 
performed weekly during heparin treatment. Any thrombo- 
cytopenia appearing during treatment should be considered 
suspicious for HIT. 


A, C, D These exams are not needed during heparin 
treatment. 

E Bleeding time is normal in the presence of coagulation 
disorders other than thrombocytopenia or von Willebrand 
disease. It can be increased in case of HIT, but the platelet 
count is a much more reliable test. 

F This test evaluates fibrinolytic activity. Heparin does not 
alter fibrinolysis. 

Learning objective: Describe the therapeutic uses of aspirin and 
heparin in unstable angina. 

17. CThe patient was most likely suffering from unstable angina 
(see the symptoms and the electrocardiogram). Unstable 
angina is a medical emergency to be treated in a cardiac care 
unit. The immediate challenge is relief of pain and control 
of all ischemic episodes. Pain relief is usually accomplished 
with intravenous infusion of nitroglycerin, which has the 
advantage of fast onset of action and rapid reversibility. 
Opioids should be used to control pain only when it is not 
adequately relieved by anti-ischemic medication. To reduce 
intracoronary clotting, oral aspirin and intravenous heparin 
should be instituted immediately (these drugs have been 
shown to reduce the incidence of subsequent myocardial 
infarction). 

A, D, E, F Each of these combinations has at least one drug 
that is useless (warfarin and desmopressin) or contraindi- 
cated (aminocaproic acid). 

B Alteplase is a fibrinolytic drug. These drugs can be used 
to break down thrombi but not to prevent thrombus forma- 
tion. Therefore, they are not useful (and may be harmful) in 
unstable angina. Warfarin is not used for emergency anti- 
coagulation because of its delayed onset of action. 

Learning objective: Describe the main advantages of low- 
molecular- weight heparins (LMWHs) over standard heparin. 

18. CHigh-molecular-weight heparin (HMWH) causes transient 
thrombocytopenia in up to 15% of patients and severe 
thrombocytopenia (which is antibody-mediated) in up to 
5%of patients. Enoxaparin is low-molecular-weight heparin 
(LMWH). LMWH-induced thrombocytopenia is seen in less 
than l%of patients. 

A LMWHs cause a lower incidence of bleeding complica- 
tions, which could be related to the fact that these agents 
preferentially inhibit factor Xa more potently than they in- 
hibit thrombin (thrombin inhibition requires a larger heparin 
molecule). Nevertheless, bleeding complications do occur 
even with LMWH. 

BThe oral bioavailability of both HMW and LMW heparins 
is zero. 

D, E LMWHs do not have antiplatelet activity, and they 
actually inhibit fewer coagulation factors than standard 
heparin. 




learning objective: Describe the therapeutic uses of heparin. 

19. EThe sudden dyspnea, hypotension, and pleuritic chest pain, 
particularly in a high-risk setting (gastric cancer), would 
suggest the diagnosis of massive pulmonary embolism, 
which is confirmed by the computed tomography scan. Hep- 
arin is a drug of choice to prevent further thrombus forma- 
tion and embolization. 

ANitroglycerin is used only if chest pain is due to coronary 
disease; moreover, it is contraindicated in this case because 
of hypotension. 

B, F Aspirin and clopidogrel have been tried to prevent 
(not to treat) thromboembolism, but results are inconclu- 
sive or frankly negative. Moreover, they are not given 
parenterally. 

CThe systemic hypotension and extreme hypoxemia war- 
rant consideration of thrombolytic therapy. However, recent 
surgery (as in this case) is a major contraindication for fi- 
brinolytic drugs. 

D Warfarin is not used for the acute treatment of pulmo- 
nary embolism because of its slow onset of action. 

learning objective: Explain the main reasons for heparin resistance. 

20. A The lack of action of heparin in this case was most likely 
due to heparin resistance. Heparin can bind to different 
plasma proteins, including platelet factor 4, fibrinogen, and 
factor VIII. As many heparin-binding proteins are acute- 
phase reactants, the phenomenon of heparin resistance is 
often encountered in acutely ill patients or in patients with 
malignancy, as in this case. 

B Vitamin K does not affect the anticoagulant action of 
heparin. 

CThe half-life of heparin is dose-dependent and is 30 to 
150 minutes at therapeutic doses. 

D Heparin is effective immediately after intravenous in- 
jection or delayed 20 to 60 minutes after subcutaneous 
injection. 

E Heparin resistance can occur with very low, not high, 
levels of antithrombin III. This deficiency is a rare hereditary 
disorder that generally comes to light when the patient suf- 
fers recurrent venous thrombosis. 

Learning objective: Describe the therapeutic uses of alteplase in 

ischemic stroke. 

21. CThe signs and symptoms of the patient suggest that he 
is most likely suffering from an ischemic stroke due to the 
occlusion of a cerebral artery. The guidelines of the Ameri- 
can Stroke Association indicate that alteplase, administered 


within 3 hours of onset, can reduce the ultimate disability 
caused by the ischemic stroke. 

A, B These drugs can increase blood coagulability (desmo- 
pressin) or inhibit fibrinolysis (aminocaproic acid) and are 
therefore contraindicated in ischemic stroke. 

D, E, F No studies have clearly demonstrated that emer- 
gency treatment with anticoagulants is useful in mitigating 
the neurologic effects of a stroke. However, the use of a full 
dose of unfractionated heparin remains controversial de- 
spite years of debate and lack of evidence supporting its use. 

Learning objective: Choose the appropriate drugs for a patient 
with deep venous thrombosis. 

22. C The standard therapy for uncomplicated deep venous 
thrombosis (DVT) is an intravenous injection of unfraction- 
ated heparin followed by a short course (4 or 5 days) of sub- 
cutaneous heparin. Warfarin is started the first or second 
day of heparin therapy and continued for months. 

A, B Abciximab is not used for thrombosis prophylaxis. 

D-F The use of alteplase in an uncomplicated DVT is not 
recommended because of the potential adverse effects of fi- 
brinolytic drugs (i.e., the induction of a lytic state). Although 
some studies have suggested that fibrinolytic therapy is 
more effective than anticoagulant therapy in DVT, fibrino- 
lytic therapy is usually considered only when thrombosis is 
massive and/or complicated by hypotension or shock. 

Learning objective: Describe the most serious adverse effect of 
alteplase. 

23. D The standard therapy of myocardial infarction (MI) in- 
cludes an intravenous thrombolytic drug (alteplase, reteplase, 
etc.), which is most effective in the first few hours after onset. 
Bleeding (most common in cerebral vessels) is the most fre- 
quent adverse effect of these drugs. 

A Aspirin, if not contraindicated, is given at presentation 
and daily indefinitely thereafter. Its antiplatelet effect re- 
duces short- and long-term mortality. Bleeding, however, is 
not as common as with thrombolytic drugs. 

B Beta-blockers, if not contraindicated, are given within 
the first few hours after onset because they reduce recur- 
rence rate and mortality. Bleeding is not an adverse effect of 
this drug class. 

C Nitroglycerin is recommended for the first 24 to 48 
hours in patients with MI and heart failure or hypertension. 
Bleeding is not an adverse effect of nitrates. 

E Warfarin is not currently used in MI. 



learning objective: Explain why the onset of anticoagulant effect 
of warfarin is delayed. 

24. C Warfarin has no effect on the activity of already formed 
clotting factors II, VII, IX, and X in the circulation. Because 
warfarin inhibits the synthesis of new clotting factors but 
not the metabolism of the already formed clotting factors, 
its effect depends on the time taken for the degradation of 
these factors, or their half-lives. Additionally, because throm- 
bin (i.e., factor II) has the longest half-life (about 60 hours), 
its half-life is the main determinant of the onset of action of 
warfarin. 

A, B, D, E These options are unlikely. 

Learning objective: Describe the therapeutic uses of anticoagu- 
lant and fibrinolytic drugs in myocardial infarction. 

25. A All patients with myocardial infarction (MI) who seek 
medical care within the first 12 hours after symptom onset 
should be considered for urgent reperfusion of the infarct- 
related artery, but the earlier therapy is begun, the greater 
the benefit. The definitive therapies for reperfusion are fi- 
brinolysis or percutaneous coronary intervention (PCI). The 
fibrinolytic drugs most often used are tissue plasminogen 
activators (e.g., alteplase), as it has been shown that they are 
“fibrin -specific”; that is, they preferentially activate plasmin- 
ogen bound to fibrin. Tissue plasminogen activators clearly 
open coronary arteries more rapidly than nonspecific acti- 
vators. Heparin should be administered to all patients with 
acute MI, unless a contraindication exists. Heparin given 
with alteplase improves the rapidity with which patency is 
induced and is essential for maintaining the patency, thus 
avoiding reocclusion, which is a problem with fibrinolytic 
therapy. 

B Warfarin is not an emergency anticoagulant because 
its onset of action is slow. 

C Inotropic drugs are administered only when cardiogenic 
shock is present. 

E Clopidogrel can be administered as an adjunctive ther- 
apy, but it is not given intravenously. 

D, F See correct answer explanation. 

learning objective: Describe the clinically important drug inter- 
actions of warfarin. 

26. D Thyroid hormones increase the catabolism of many en- 
dogenous compounds, including clotting factors. This action 
results in a decreased coagulability of blood, so the effects of 
anticoagulants are enhanced. In this case, the woman’s ini- 
tial warfarin dose was appropriate to provide a safe level of 
anticoagulation therapy for her hypothyroid state, but when 


her thyroid level was raised to normal, the warfarin dose 
needed to be adjusted to adapt to the increased catabolic 
rate of clotting factors that would occur in the presence of 
higher thyroxine levels. Monitoring must be carried out to 
reestablish the appropriate new, lower dose of warfarin. 

A, B Warfarin has no effect on the pharmacokinetics of 
thyroid hormones. 

C, E Thyroid hormones have negligible effects on the ab- 
sorption or metabolism of warfarin. 

learning objective: Explain the molecular mechanism of action 
of warfarin. 

27. B Vitamin Kis an essential cofactor for converting precursor 
proteins into the active coagulation factors in the liver. Vita- 
min Kquinone is the active form. Oxidation of this quinone 
to vitamin K epoxide is coupled with activation of coagula- 
tion factors II, VII, IX, and X, as well as the anticoagulant fac- 
tors proteins Cand S. Epoxide is then reconverted to quinone, 
and warfarin blocks this reductive conversion. 

A This is actually the mechanism of action of heparin. 

C Warfarin does not affect clotting factor metabolism. 

D Warfarin actually blocks the activation of anticoagulant 
factors proteins Cand S. 

E Vitamin Kis not synthesized in the liver but is stored 
there initially, after intestinal absorption. 

Learning objective: Choose the appropriate anticoagulant for a 
patient with atrial fibrillation. 

28. D Chronic anticoagulant therapy is always given before car- 
dioversion in order to prevent thromboembolism. In fact, 
one of the most feared consequences of atrial fibrillation is 
the development of atrial thrombi, with subsequent embo- 
lization. This is most likely to occur once the normal sinus 
rhythm is restored, due to the more effective contraction of 
the atria. 

A Heparin is not appropriate for long-term therapies, as it 
must be given parenterally. 

B Streptokinase is a thrombolytic drug and therefore not 
used to prevent thrombus formation. 

C Although aspirin is sometimes used as an alternative 
to warfarin in this setting, studies to determine its efficacy 
have yielded inconsistent results. Moreover, the antiplatelet 
dose should be a low dose, not a high dose. 

E Abciximab is a monoclonal antibody that binds noncom- 
petitively to glycoprotein Ilb/IIIa receptor complex, which 
regulates the final step in platelet aggregation. Its therapeu- 
tic uses are limited to percutaneous coronary intervention 
and unstable angina. 




learning objective: Explain the molecular mechanism of act ion of 
abciximab. 

29. A Abciximab is a humanized monoclonal antibody directed 
against the Ilb/IIIa receptor complex. This complex functions 
as a receptor mainly for fibrinogen but also for von Wille- 
brand factor and can be activated (directly or indirectly) by 
most of the other mentioned molecules, including adenosine 
diphosphate (ADP), thrombin, collagen, and thromboxane 
Aj. The binding of fibrinogen to the Ilb/IIIa receptor results 
in cross-linking between platelets and is the final common 
pathway in platelet aggregation. By blocking the platelet 
glycoprotein Ilb/IIIa receptor complex, these drugs prevent 
platelet aggregation induced by any aggregating substance. 

B, F These steps are inhibited by heparin. 

CThis step is inhibited by aspirin. 

D This step is inhibited by warfarin. 

EThis step is inhibited by clopidogrel. 

Learning objective: Explain the mechanism of antithrombotic 
action of aspirin. 

30. E Aspirin inhibits the synthesis of thromboxane A 2 (TXA^ 
through the irreversible acetylation of cyclooxygenase I. 
TXA 2 is a potent platelet aggregator and is released from 
platelets during aggregation. Because platelets do not syn- 
thesize new proteins, the action of aspirin on platelet cyclo- 
oxygenase is permanent, lasting for the life of the platelet (4 
to 1 0 days). Complete inactivation of the enzyme is achieved 


with doses of 160 to 300 mg per day. Higher doses do not 
improve efficacy and are potentially less effective for the 
following reason: cyclooxygenase blockade reduces both the 
platelet-mediated production of TXA^ which promotes ag- 
gregation, and the endothelial cell-mediated production of 
prostaglandin I 2 , or prostacyclin (PGI 2 ), which inhibits ag- 
gregation. However, endothelial cells produce new cyclo- 
oxygenase in a matter of hours, whereas platelets cannot 
manufacture the enzyme. With low doses, then, only pro- 
longed inhibition of TXA 2 synthesis occurs. If the dose of 
aspirin is increased, prostacyclin synthesis can be inhibited 
for a longer time, thus counteracting the effects of TXA 2 syn- 
thesis inhibition. 

AF See correct answer explanation. 

B Aspirin does not inhibit the lipoxygenase pathway. 

C This is the mechanism of action of clopidogrel. 

D This would cause, not inhibit, platelet aggregation. 
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V Endocrine System 

Questions: V-l Drugs for Hypothalamic and Pituitary Disorders 


Directions for questions 1-6 

Match each endocrine drug with the appropriate description (each 
lettered option can be selected once, more than once, or not at all). 

A. Cabergoline 

B. Chorionic gonadotropin 
C Cosyntropin 

D. Desmopressin 

E. Degarelix 

F. Follitropin alfa 

G. Leuprolide 

H. Octreotide 

I. Oxytocin 

J Pegvisomant 
K. Somatropin 

Difficulty level: Easy 

1. An adrenocorticotropic hormone (ACTH) analogue 
Difficulty level: Easy 

2. Arecombinant follicle-stimulating hormone (FSH) analogue 

Difficulty level: Easy 

3. A somatropin receptor antagonist 

Difficulty level: Easy 

4 . A somatostatin analogue 

Difficulty level: Easy 

5. Agonadotropin-releasing hormone (GnRH) analogue 
Difficulty level: Easy 

6. A drug with luteinizing hormone (LEI) activity 
Difficulty level: Easy 

7 . A27-year-old primipara woman was admitted to the obstet- 
rical unit for labor induction because of a postdate pregnancy. 
An intravenous infusion of oxytocin was started. Activation of 
which of the following signaling pathways most likely medi- 
ates the therapeutic efficacy of this drug? 

A. Cyclic adenosine monophosphate (cAMP) synthesis 

B. Phosphoinositide hydrolysis 

C Cyclic guanosine monophosphate (cGMP) synthesis 

D. Tyrosine residue phosphorylation 

E. Gene transcription 


Difficulty level: Easy 

8. A 37-year-old man recently diagnosed with acromegaly 
started a treatment with octreotide. Which of the following 
cells most likely represent the main site of action of the drug 
in this patient? 

A. Supraoptic neurons 

B. Pituitary somatotrophs 
C Pituitary thyrotrophs 

D. Paraventricular neurons 

E. Ventromedial neurons 

Difficulty level: Medium 

9 . A 33-year-old woman who had been unable to conceive a 
baby for 3 years started a controlled ovarian hyperstimula- 
tion treatment for in vitro fertilization. Which of the follow- 
ing drugs was most likely administered daily to suppress the 
luteinizing hormone surge that could prematurely trigger 
ovulation? 

A. Testosterone 

B. Octreotide 
C Leuprolide 

D. Cosyntropin 

E. Somatropin 

Difficulty level: Easy 

10 . A 34-year-old woman complained to her gynecologist of 
severe pelvic pain during both menstrual and nonmenstrual 
days. The woman, diagnosed with endometriosis 1 year 
earlier, had good pain relief after surgical ablation of endo- 
metriotic lesions, but her symptoms had returned. Her gyne- 
cologist prescribed a cycle of therapy with leuprolide. Which 
of the following adverse effects would be expected to occur 
during the therapy? 

A. Galactorrhea 

B. Vaginal infections 
C Menorrhagia 

D. Hot flushes 

E. Venous thrombosis 
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Difficulty level: Medium 

11 . A 54-year-old woman complained to her physician of an 
uncomfortable flushing for the past few days. Further exams 
led to the diagnosis of carcinoid syndrome due to primary 
carcinoid tumor of the lung, and the patient was scheduled 
for surgery. Which of the following drugs would be appro- 
priate to control the patient’s symptoms and to prevent a 
surgery-induced carcinoid crisis? 

A. Somatropin 

B. Leuprolide 

C Desmopressin 

D. Octreotide 

E. Prolactin 

Difficulty level: Easy 

12 . A 64-year-old woman was found to have high serum levels 
of insulin -like growth factor 1 (IGF-1) during a regular clinic 
visit. Her medical history was significant for atrial fibrilla- 
tion presently controlled with a pacemaker and for a pitu- 
itary adenoma diagnosed 8 months ago. Because radiation 
therapy was contraindicated, the patient had been receiving 
octreotide since then. Which of the following drugs would 
be appropriate to add to the patient’s therapy at this time? 

A. Cosyntropin 

B. Mecasermin 
C Leuprolide 

D. Cabergoline 

E. Degarelix 

Difficulty level: Medium 

13 . A 52-year-old woman presented to the hospital with a 
3-week history of fatigue, cold intolerance, and constipation. 
Physical examination showed a patient with coarse, dry, 
scaly skin, eyelid drop, a puffy face, and a large tongue. Per- 
tinent serum values on admission were free thyroxine (FT 4 ) 
0.2 ng/dL (normal 0.4-2 ng/dL), thyroid-stimulating hor- 
mone (TSH) 0.3 pIU/mL (normal 0.5-4. 7). An intravenous 
injection of thyrotropin-releasing hormone (TRH) was given 
to better clarify the diagnosis. Serum TSH levels measured 
soon after the injection showed a significant increase in TSH. 
Which of the following was most likely the cause of the pa- 
tient’s syndrome? 

A. Hashimoto thyroiditis 

B. Hypothalamic dysfunction 
C Papillary thyroid carcinoma 

D. Graves disease 

E. Pituitary dysfunction 

Difficulty level: Hard 

14 . A45-year-old woman was seen at the clinic because of epi- 
sodic weakness, paresthesias, and constipation for the past 


week. Vital signs were blood pressure 100/55 mm Hg, pulse 
95 bpm, respirations 16/min. Physical examination revealed 
increased pigmentation, especially on skinfolds and extensor 
surfaces. Bluish black discoloration of the areolae and mu- 
cous membranes was also noted. Significant serum levels on 
admission were Na + 122 mEq/L (normal 136-145 mEq/L), K + 
6.2 mEq/L(normal 3. 5-5. 5 mEq/L), fasting glucose 58 mg/dL 
(normal 70-1 10 mg/dL), blood urea nitrogen (BUN) 34 mg/dL 
(normal 7-18 mg/dL). The serum level of a hormone was 
measured before and after the intravenous injection of a test 
drug to confirm the diagnosis. Which of the following test 
drugs was most likely administered? 

A. Somatropin 

B. Mecasermin 

C Adrenocorticotropic hormone (ACTH) 

D. Octreotide 

E. Leuprolide 

F. Somatostatin 

Difficulty level: Medium 

15 . A 50-year-old man was admitted to the hospital because of 
two episodes of hematochezia and hematemesis of dark red 
blood over a 7-hour period. Past history of the patient was 
significant for alcoholism for 12 years. Physical examination 
showed a somnolent but easily arousable man with subicteric 
skin. The abdomen was mildly distended with a 10-cm liver 
span. Small fluid waves were present. An esophagoscopy was 
ordered, and a drug was given by continuous infusion after 
an intravenous loading dose. Which of the following drugs 
was most likely administered? 

A. Adrenaline 

B. Albuterol 
C Nifedipine 

D. Prazosin 

E. Vasopressin 

Difficulty level: Easy 

16 . A 37-year-old woman recently diagnosed with pituitary ad- 
enoma underwent ablative radiation therapy, but the treat- 
ment failed to control the patient’s symptoms. Lab tests still 
showed a high level of insulin -like growth factor 1. A phar- 
macotherapy with octreotide was prescribed. Which of the 
following actions most likely mediated the therapeutic effect 
of the drug in the patient’s disorder? 

A. Stimulation of growth hormone metabolism 

B. Inhibition of growth hormone release 
C Inhibition of insulin release 

D. Blockade of growth hormone receptors 

E. Blockade of thyroid-stimulating hormone (TSH) receptors 



Difficulty level: Easy 

17. A41-year-old man was found to have growth hormone defi- 
ciency after irradiation of the hypophysis to treat a parasel- 
lar tumor. Therapy with somatropin was started. Which of 
the following adverse effects is most likely to occur in this 
patient? 

A. Arthralgias 

B. Hypoglycemia 
C Weigh loss 

D. Osteoporosis 

E. Dehydration 

Difficulty level: Medium 

18. A 26-year-old man wishing to start a family was diagnosed 
with infertility due to oligospermia. He started a treatment 
that included intramuscular injection of human chorionic 
gonadotropin three times weekly. Which of the following 
molecular actions is the intended target for this therapy? 

A. Stimulation of Leydig cell testosterone production 

B. Activation of testosterone receptors in the hypothalamus 
C Inhibition of growth hormone-releasing hormone 

(GnRH) secretion from the hypothalamus 

D. Stimulation of secretion of prostatic fluid 

E. Stimulation of mitotic activity of Sertoli cells 

Difficulty level: Easy 

19. A 62-year-old man diagnosed with metastasized prostate 
cancer started a treatment that included a depot preparation 
of goserelin. Which of the following actions most likely 
mediated the therapeutic effect of the drug in the patient’s 
disease? 

A. Inhibition of aromatase enzyme 

B. Inhibition of follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH) release 

C Blockade of prostate testosterone receptors 

D. Inhibition of topoisomerase I 

E. Blockade of gonadotropin receptors 

Difficulty level: Medium 

20. A56-year-old man recently diagnosed with carcinoid tumor 
of the lung started a treatment that included octreotide The 
patient was most likely at increased risk of which of the fol- 
lowing adverse effects as a result of this therapy? 

A. Gallstones 

B. Drowsiness 

C Hypoglycemia 

D. Heat intolerance 

E. Flushing 


Difficulty level: Easy 

21. A 6-year-old girl presented to her pediatrician with pubic 
hair, breast development, and regular menstruation. After 
clinical and laboratory evaluations, a diagnosis of true pre- 
cocious puberty was made. Which of the following drugs 
would be appropriate for this girl? 

A. Somatropin 

B. Estradiol 

C Testosterone 

D. Bromocriptine 

E. Menotropins 

F. Leuprolide 

Difficulty level: Easy 

22. A 71 -year-old man suffering from symptomatic advanced 
prostate cancer started a treatment with a drug that func- 
tions as competitive antagonist at gonadotropin-releasing 
hormone (GnRH) receptors. Which of the following drugs 
did the patient most likely take? 

A. Degarelix 

B. Leuprolide 
G Cabergoline 

D. Pegvisomant 

E. Mecasermin 

Difficulty level: Medium 

23. An 8-year-old healthy girl was referred to a pediatric endo- 
crinologist for short stature. Physical examination and karyo- 
type analysis led to the diagnosis of Turner syndrome. Which 
of the following drugs would be most appropriate to treat 
the patient’s disease? 

A. Oxandrolone 

B. Somatropin 
C Somatostatin 

D. Testosterone 

E. Octreotide 

F. Cabergoline 

Difficulty level: Medium 

24. An 8-year-old boy was referred to a pediatric endocrinologist 
because of growth retardation. Lab tests showed increased 
serum growth hormone levels but very low serum levels of 
insulin-like growth factor 1 (IGF-1). Further exams led to the 
diagnosis of Laron dwarfism. Which of the following drugs 
would be most appropriate for this boy? 

A. Somatropin 

B. Octreotide 
C Mecasermin 

D. Oxandrolone 

E. Cabergoline 



Difficulty level: Medium 

25 . A70-year-old man, recently diagnosed with a small-cell car- 
cinoma, was admitted to the hospital for surgical resection 
ofthe lung. On admission, the patient appeared lethargic and 
confused. Pertinent lab results on admission were 
Serum: 

Na+ 120 mEq/L(normal 136-145 mEq/L) 

K + 4.8 mEq/L(normal 4.5-5 .0 mEq/L) 

Osmolality 250 mOsm/L(normal 275-300 mOsm/L) 
Urine: 

Na + 50 mEq/L(normal 40-220 mEq/L) 

Osmolality 400 mOsm/L(normal 50-1200 mOsm/L) 

A drug from which ofthe following classes would be useful 
in correcting the patient’s electrolyte imbalance? 

A. Loop diuretics 

B. Thiazide diuretics 

C Antidiuretic hormone (ADH) agonists 

D. Glucocorticoids 

E. ADH antagonists 

Difficulty level: Medium 

26 . A 34-year-old man presented to the hospital with a history 
of joint pain, headache, excessive sweating, and deepening 
of the voice. Physical examination revealed hypertension, 
enlargement of the hands, a doughy appearance of the skin, 
and a barrel chest. A computed tomography scan disclosed 
a pituitary adenoma, and the patient underwent radiother- 
apy. Which of the following drugs would be appropriate for 
this patient while waiting for radiotherapy to work? 

A. Leuprolide 

B. Cosyntropin 
C Somatropin 

D. Octreotide 

E. Degarelix 

Difficulty level: Easy 

27 . A 36-year-old man was found to have high serum levels of 
insulin-like growth factor 1 (IGF-1) during a regular clinic 
visit. Ten months earlier, the man was diagnosed with acro- 
megaly and underwent radiation therapy, but the treatment 
was only partially effective, and the man had been receiving 
octreotide since then. Addition of which of the following 
drugs would be appropriate for the patient at this time? 

A. Pegvisomant 

B. Degarelix 
C Leuprolide 

D. Cosyntropin 

E. Methimazole 


Difficulty level: Medium 

28 . A36-year-old woman complained to her physician of amen- 
orrhea for the past 2 months and of a white discharge from 
her breasts during the past month. Acomputed tomography 
scan showed a pituitary adenoma. Adrug with which of the 
following mechanism of action would be most appropriate 
for this patient? 

A. Stimulation of dopamine synthesis 

B. Stimulation of growth hormone (GH) metabolism 
C Blockade of GH receptors 

D. Blockade of D 0 receptors 

E. Inhibition of GH release 

F. Activation of D 2 receptors 

Difficulty level: Medium 

29 . A 35-year-old woman presented to her gynecologist with 
concern that she and her husband had not conceived despite 
unprotected intercourse for the past 15 months. Further 
exams led to the diagnosis of unexplained infertility, and the 
woman started a “step-up” protocol of ovulation induction 
that included initial daily injections of follitropin alfa. The 
drug can activate specific receptors located in granulosa cells 
of the ovary to produce which of the following enzymes? 

A. Transglycosylase 

B. Top oisomerase II 
C Dehydrogenase 

D. Desmolase 

E. Aromatase 

Difficulty level: Hard 

30 . A 34-year-old man was admitted to the hospital because 
of prolonged, massive watery diarrhea for the past 2 days. 
Physical and lab exams indicated a pancreatic tumor, and 
radioimmunoassay confirmed the diagnosis of vipoma. The 
patient was given intravenous fluids for hydration and was 
scheduled for surgery. Which of the following drugs would 
be appropriate to control the patient’s diarrhea? 

A. Somatotropin 

B. Hydrochlorothiazide 

C Adrenocorticotropic hormone (ACTH) 

D. Octreotide 

E. Cabergoline 

F. Leuprolide 

Difficulty level: Medium 

31 . A35-year-old woman presented to the clinic complaining of 
continuous thirst and polyuria. She reported that she often 
awoke at night because ofthirst and the need to urinate. His- 
tory showed that 6 months previously, she had sustained 




a basal skull fracture during a car accident from which she 
recovered completely. Lab tests showed a urine osmolality of 
20 mOsm/kg (normal 50-1200 mOsm/kg) and undetectable 
serum antidiuretic hormone (ADH) levels. Which of the fol- 
lowing drugs would be most appropriate for this patient? 

A. Hydrochlorothiazide 

B. Amiloride 

G Desmopressin 

D. Carbamazepine 

E. Chlorpropamide 

Difficulty level: Medium 

32. A 7-year-old boy recently diagnosed with idiopathic hypop- 
ituitarism started a treatment with somatropin, a recombi- 
nant growth hormone with a molecular weight of about 
22,000 D. Which of the following was most likely the main 
site of distribution of this drug? 


A. Fat tissue 

B. Plasma 

C Extracellular fluids 

D. Cell cytosol 

E. Total body water 

Difficulty level: Medium 

33. A 55-year-old woman was admitted to the emergency de- 
partment with the diagnosis of septic shock. Despite fluid 
therapy and norepinephrine, she was still hypotensive (80/50 
mm Hg) and tachycardic (120 bpm), and the cardiologist de- 
cided to start an intravenous infusion of another drug. A few 
minutes later, her blood pressure was 106/75 mm Hg, and 
her pulse was 88 bpm. Which of the following was most 
likely the drug given to the patient? 

A. Epinephrine 

B. Desmopressin 
C Phenylephrine 

D. Dobutamine 

E. Vasopressin 


Questions: V-2 Drugs for Thyroid Disorders 


Directions for questions 1-3 

Match each drug used in thyroid diseases with the appropriate 
description (each lettered option can be selected only once, more 
than once, or not at all): 

A. Levothyroxine 

B. Liothyronine 
C Methimazole 

D. Potassium iodide 

E. Propylthiouracil 

F. Radioactive iodine 

Difficulty level: Easy 

1. This drug is a target for thyroid deiodinase. 

Difficulty level: Easy 

2. This drug causes thyroid cell necrosis. 

Difficulty level: Easy 

3. This drug acts mainly by inhibiting hormone release from the 
thyroid gland. 

Difficulty level: Medium 

4. A 64-year-old woman was admitted to the emergency de- 
partment with the admitting diagnosis of myxedema coma. 
An emergency treatment was started that included an intra- 
venous injection of triiodothyronine (T 3 ) every 6 hours for 


2 days. Which of the following were most likely the patient’s 
serum levels of free thyroxine (FT 4 ) and thyroid-stimulating 
hormone (TSH, thyrotropin) after 2 days of therapy? 

A. FT 4 low, TSH high 

B. FT 4 high, TSH low 
C FT 4 high, TSH high 
D. FT 4 low, TSH low 

Difficulty level: Easy 

5. A 2-year-old boy was brought to the emergency department 
because of fever, irritability, increased lethargy, and multiple 
episodes of diarrhea. The mother reported that she found her 
levothyroxine bottle empty a few hours earlier. Vital signs of 
the boy were blood pressure 130/80 mm Hg, heart rate 180 
bpm, respirations 26/min. Laboratory test results on admis- 
sion showed a total triiodothyronine level of 472 ng/dL (nor- 
mal: 40-130 ng/dL). An appropriate emergency therapy was 
planned. Which of the following drugs should be adminis- 
tered first to control hormone-related effects that could be 
rapidly lethal in this patient? 

A. Betamethasone 

B. Propranolol 

C Potassium iodide 

D. Propylthiouracil 

E. Radioactive iodine 



Difficulty level: Medium 

6. A 50-year-old woman who underwent thyroid ablation with 
radioactive iodine had been taking levothyroxine as replace- 
ment therapy. Which of the following best represents the per- 
centage of drug bound to plasma proteins in this patient? 

A. 10.5% 

B. 30.57% 

C 50.72% 

D. 75.0% 

E. 99.96 % 

Difficulty level: Medium 

7 . A few days after a normal delivery, a newborn baby boy be- 
came lethargic, had respiratory difficulties and a hoarse cry, 
and sucked poorly. Physical examination revealed large fonta- 
nelles, macroglossia, a distended abdomen, cyanotic skin, hy- 
potonia, slow reflexes, and rectal temperature of 95°F (35°C). 
Which of the following drugs would be appropriate for this 
baby? 

A. Methimazole 

B. Somatrem 

C Levothyroxine 

D. Theophylline 

E. Potassium iodide 

F. Prednisone 

Difficulty level: Hard 

8. A 51 -year-old woman suffering from chronic asthma was 
admitted to the hospital with nausea and vomiting, extreme 
restlessness, insomnia, tremor, mental confusion, and fever 
(103.1°F, 39.5°C). After her sister died a few days ago, she ex- 
perienced increased hunger, dyspnea on exertion, palpitations, 
and diarrhea. Laboratory data on admission included a free 
thyroxine (FT 4 ) level of 1 1 ng/dL (normal 0. 9-2.0 ng/dL) and 
undetectable thyroid-stimulating hormone (TSH, thyrotropin) 
levels. Which of the following drugs should be included in the 
emergency treatment of the patient? 

A. Diltiazem 

B. Radioactive iodine 

C. Triiodothyronine 

D. Danazol 

E. Propranolol 

F. Aspirin 

Difficulty level: Medium 

9 . A30-year-old woman who was 1 month pregnant complained 
to her physician of swelling of the eyelids and increasing lid 
aperture. Subsequent blood tests gave the following results: 
free thyroxine (FT 4 ) 3.3 ng/dL(normal 0. 9-2.0 ng/dL), thyroid- 
stimulating hormone (TSH, thyrotropin) < 0.0 1 mU/L(normal 
0.5-5 .0 mU/L). Treatment with which of the following drugs 


would be appropriate for this patient during the first trimes- 
ter of pregnancy? 

A. Radioactive iodine 

B. Octreotide 

C Potassium iodide 

D. Methyldopa 

E. Propylthiouracil 

F. Esmolol 

Difficulty level: Easy 

10 . A 53-year-old woman suffering from thyrotoxicosis under- 
went thyroid ablation with radioactive iodine. Three weeks 
later, she started a therapy with levothyroxine. Which of the 
following best describes the molecular mechanism of action 
of this drug? 

A. Agonist at thyroid-stimulating hormone (TSH) receptors 

B. Antagonist at TSH receptors 

C Agonist at thyroid hormone (TH) receptors 

D. Antagonist at TH receptors 

E. Agonist at thyrotropin-releasing hormone (TRH) receptors 

F. Antagonist at TRH receptors 

Difficulty level: Easy 

11 . A 50-year-old woman who underwent thyroid ablation 
with radioactive iodine started treatment with levothyroxine. 
Which ofthe following cell elements represent the main site 
of therapeutic action ofthe drug? 

A. Cell membrane 

B. Mitochondria 

C Smooth endoplasmic reticulum 

D. Cell nucleus 

E. Golgi apparatus 

F. Lysosomes 

Difficulty level: Easy 

12 . A 53-year-old woman recently diagnosed with hyperthyroid- 
ism started an appropriate treatment. One month later, the 
following laboratory values were obtained: 

Red blood cell count (RBC): 4.6 x 10 6 /mm 3 (normal 
4. 0-5. 5 x 10 6 /mm 3 ) 

White blood cell count (WBC): 0.6 x 10 3 /mm 3 (normal 
3.2-9 .8 x 1 0 6 /mm 3 ) 

Platelets 180 x 10 3 /mm 3 (normal 140-400 x 10 6 /mm 3 ) 
Which ofthe following drugs most likely caused these results? 

A. Radioactive iodine 

B. Potassium iodide 
C Methimazole 

D. Propranolol 

E. Levothyroxine 



Difficulty level: Medium 

13 . A33-year-old woman was admitted to the hospital because 
of anorexia, malaise, jaundice, and right upper quadrant 
abdominal pain for the past 2 days. The woman, who was 
2 months’ pregnant, was diagnosed with hyperthyroidism 
1 month ago and started an appropriate therapy. Pertinent 
lab results on admission included alanine aminotransferase 
of410 U/L(normal 20-40 U/L). Which of the following drugs 
most likely caused the patient’s disorder? 

A. Methimazole 

B. Radioactive iodine 
C Propylthiouracil 

D. Propranolol 

E. Potassium iodide 

Difficulty level: Easy 

14 . A40-year-old man complained to his physician of increased 
appetite, palpitations, and diarrhea. Laboratory results con- 
firmed the diagnosis of mild hyperthyroidism, and a treat- 
ment with methimazole was started. Which of the following 
actions most likely contributed to the therapeutic efficacy 
of the drug in this patient? 

A. Proteolysis of thyroglobulin 

B. Stimulation of thyroid peroxidase 

C Blockade of iodine uptake by the thyroid gland 

D. Accumulation of iodine into thyroglobulin 

E. Inhibition ofiodination of tyrosine residues 

Difficulty level: Hard 

15 . A 59-year-old woman complained to her physician of in- 
somnia. The woman had undergone radioiodine treatment 
for thyroid ablation 6 months earlier and started replace- 
ment therapy with levothyroxine. Further questioning re- 
vealed that she had recently increased her daily drug dose 
because she felt fatigued and sad. A lab test showed thyroid- 
stimulating hormone (TSH) 0.1 mU/L(normal 0.5-5 .0 mU/L) 
and free thyroxine (FT 4 ) 2.4 ng/dL (normal 0.8-2. 7 ng/dL). 
Which of the following signs and symptoms most likely oc- 
curred in this patient after the inappropriate increase of the 
drug dose? 

A. Decreased heart rate 

B. Fluid retention 

C Decreased diastolic pressure 

D. Decreased body temperature 

E. Anorexia 

F. Constipation 


Difficulty level: Hard 

16 . A 67-year-old woman complained to her physician that for 
the past few days she had experienced restlessness and fre- 
quent runs of tachycardia. The woman had undergone thyroid 
ablation 7 months earlier and started replacement therapy 
with levothyroxine. Further exams led to the diagnosis of hy- 
perthyroidism, most probably due to excessive self-dosage 
of the drug. Which of the following disorders most likely 
caused the patient’s tachycardia? 

A. Hypertrophic cardiomyopathy 

B. Atrial fibrillation 

C Mitral regurgitation 

D. Mitral stenosis 

E. Constrictive pericarditis 

Difficulty level: Easy 

17 . A 44-year-old woman recently diagnosed with Graves dis- 
ease started a therapy with methimazole. Inhibition of which 
of the following enzymes most likely mediated the thera- 
peutic effect of the drug in the patient’s disease? 

A. Thyroid protease 

B. Topoisomerase I 

C Thyroid monodeiodinase 

D. Thyroid peroxidase 

E. Thyroid aldolase 

Difficulty level: Medium 

18 . A 60-year-old alcoholic woman was brought to the emer- 
gency department after a car accident. Medical history of 
the patient was significant for hepatic cirrhosis and hypo- 
thyroidism. Although she had been advised repeatedly to take 
her thyroxine regularly, she continued to take it sporadically. 
Physical examination showed a distressed patient complain- 
ing of severe pain in both legs. An intramuscular injection 
of morphine sulphate was given to allay pain. Soon after 
the injection, the patient showed disorientation, lethargy, 
and shallow breathing, followed by unconsciousness. Her 
temperature was 93°F (30°C). Which of the following drugs 
should be included in the emergency therapy of this patient? 

A. Intravenous (IV) potassium iodide 

B. Oral methimazole 
C Oral levothyroxine 

D. IV triiodothyronine 

E. Oral propylthiouracil 



Difficulty level: Easy 

19 . A45-year-old woman complained to her physician of cold in- 
tolerance and menstrual irregularities over the past 3 weeks. 
The woman, recently diagnosed with Graves disease, had 
started a treatment with methimazole 2 months earlier. The 
physician told the patient that her symptoms were most 
likely due to an excessive dose of methimazole. Which of the 
following effects could also occur as a result of an excessive 
dose of that drug? 

A. Palpitations 

B. Sweating 
C Insomnia 

D. Tremor 

E. Constipation 

Difficulty level: Easy 

20 . A46-year-old man was taking levothyroxine as replacement 
therapy following radioactive iodine-induced thyroid abla- 
tion. Which of the following molecular actions most likely 
mediated the majority of therapeutic effects of the drug in 
this patient? 

A. Alteration of transcription of specific genes 

B. Decreased Na + /K + ATPase activity 
C Inhibition of RNA activity 

D. Inhibition of mitochondrial oxidative phosphorylation 

E. Increased plasma catecholamine levels 

Difficulty level: Easy 

21 . A 29-year-old woman complained to her physician of fa- 
tigue, constipation, and menstrual irregularities for the past 
2 months. Physical examination showed delayed deep ten- 
don reflexes, mild bradycardia, and a nontender, nodular 
thyroid goiter. A blood analysis showed thyroid peroxidase 
antibodies of 120 IU/L (normal < 0.8 IU/L). Which of the fol- 
lowing drugs would be most appropriate for this patient? 

A. Methimazole 

B. Potassium iodide 
C Levothyroxine 

D. Ethinyl estradiol 

E. Radioactive iodine 

Difficulty level: Hard 

22. A 50-year-old woman suffering from hyperthyroidism was 
admitted to the emergency department with the admitting 
diagnosis of thyroid storm. Further exams confirmed the di- 
agnosis, and an emergency therapy was started that included 
propranolol and hydrocortisone. Which of the following pairs 
ofdrugs should also be added to the emergency treatment of 
this patient? 


A. Diltiazem and methimazole 

B. Aspirin and atenolol 

C Radioactive iodine and dexamethasone 

D. Esmolol and verapamil 

E. Propylthiouracil and potassium iodide 

Difficulty level: Easy 

23 . A 48-year-old man complained to his physician of a feeling 
of fullness in his neck. Physical examination showed diffuse 
enlargement of the thyroid gland without any apparent 
masses. Further exams led to the diagnosis of nontoxic goiter, 
most likely endemic because the man lived in an iodine- 
deficient country. Iodide supplementation was prescribed 
to provide sufficient iodide ions to the thyroid. These ions 
cross thyroid cell membranes by active transport. Which of 
the following is the primary transporter carrying iodide ions 
through the apical membrane of thyroid follicular cells? 

A. Na + /iodine symporter 

B. Sulfate exchanger 

C C17iodide exchanger 

D. Na + /K + exchanger 

E. Na + /Cr symporter 

Difficulty level: Medium 

24 . A 64-year-old man complained to his physician of constipa- 
tion, cold intolerance, and abnormal sensations in his hands 
and feet. Ablood test showed the following results: 

Free triiodothyronine (FT 3 ) 0.02 ng/dL (normal 0.23- 
0.42 ng/dl) 

Free thyroxine (FT 4 ) 0.2 ng/dL(normal 0.8-2. 7 ng/dL) 

Thyroid-stimulating hormone (TSH) 0.1 mU/L (normal 
0.5-5 .0 mU/L) 

A computed tomography scan confirmed the diagnosis, and 
an appropriate therapy was planned. Which of the following 
was most likely the patient’s disease? 

A. Hashimoto thyroiditis 

B. Graves disease 
C Myxedema 

D. Pituitary tumor 

E. Thyroid cancer 

Difficulty level: Easy 

25 . A 24-year-old woman with Hashimoto thyroiditis was 6 
weeks’ pregnant. The only medication she was taking was 
levothyroxine. Laboratory test results showed free thyroxine 
(FT 4 ) 0.6 ng/dL (normal 0.7-1 .9 ng/dL) and thyroid-stimu- 
lating hormone (TSH) 4.8 mU/L(normal 0. 5-5.0 mU/L). The 
physician decided to increase her daily dose of levothyrox- 
ine by about 30% Which of the following best explains the 




primary reason for careful adjustment of the levothyroxine 
dose during pregnancy? 

A. To avoid maternal preeclampsia 

B. To control maternal weight gain 

C To avoid maternal myxedema coma 

D. To maintain normal fetal brain development 

E. To counteract the TSH activity of human chorionic 
gonadotropin 

Difficulty level: Easy 

26. A43-year-old man was undergoing surgery to remove a very 
large nontoxic goiter, apparently due to iodide deficiency. 
A short course of potassium iodide was administered before 
surgery. Which of the following statements best explains 
why this drug was given to the patient? 

A. To stimulate thyroid hormone synthesis before surgery 

B. To overcome iodine deficiency after surgery 

C To reduce the size and vascularity of the thyroid gland 

D. To decrease the risk of hypothyroidism after surgery 

E. To inhibit the excessive secretion of thyroid-stimulating 
hormone (TSH, T 4 ) from the pituitary 

Difficulty level: Medium 

27. A 57-year-old woman was admitted to the hospital with 
restlessness, insomnia, tremor, and pronounced exophthal- 
mos. The woman, who had been suffering from Graves dis- 
ease for 3 months, had been treated with propylthiouracil, 
but the drug had been discontinued a few days earlier be- 
cause of the appearance of neutropenia. Which of the fol- 
lowing agents would be most appropriate for the longterm 
management of the patient at this time? 

A. Methimazole 

B. Radioactive iodine 
C Propranolol 

D. Prednisone 

E. Potassium iodide 

Difficulty level: Easy 

28. A 53-year-old woman who had undergone total thyroidec- 
tomy started replacement therapy with levothyroxine. Which 
of the following pharmacological properties best explains 
why the levo isomer of the hormone is currently used in- 
stead of a racemic mixture for replacement therapy in thy- 
roid disorders? 


A. Longer half-life 

B. Less frequent adverse effects 

C Higher affinity for thyroid receptors 

D. Better gastrointestinal absorption 

E. Higher volume of distribution 

Difficulty level: Medium 

29 . A 50-year-old woman complained to her physician of sleep- 
iness, fatigue, cold intolerance, weigh gain, and constipation. 
Medical history was significant for a reentrant supraventric- 
ular tachycardia presently treated with amiodarone and for 
type 2 diabetes presently treated with metformin. Further 
exams led to the diagnosis of mild hypothyroidism, and an 
adequate treatment was planned. Which of the following 
would be the most appropriate initial therapeutic step for 
this patient? 

A. Start oral levothyroxine. 

B. Start oral potassium iodide. 

C Start oral liothyronine. 

D. Withdraw metformin. 

E. Withdraw amiodarone. 

Difficulty level: Easy 

30 . A 75-year-old woman complained to her physician of very 
dry skin and constipation, which she treated with milk of 
magnesia. She had no other medical problems and took 
no other medications. A blood analysis gave the following 
results: 

Free triiodothyronine (FT 3 ): 0.3 ng/dL (normal 0.23- 
0.42 ng/dL) 

Free thyroxine (FT 4 ): 0.9 ng/dL(normal 0.8-2. 7 ng/dL) 

Thyroid-stimulating hormone (TSH, thyrotropin): 15 mU/L 
(normal 0.5-5 .0 ng/dL) 

Thyroperoxidase antibodies: 28 IU/L (norm al < 0.8 IU/L) 

Which of the following drugs would be appropriate for this 
patient? 

A. Potassium iodide 

B. Propranolol 
C Methimazole 

D. Loperamide 

E. Levothyroxine 

F. Diltiazem 



Questions: V-3 Corticosteroids and Antagonists 


Directions for questions 1-5 

Match each corticosteroid or antagonist with the appropriate 
description (each lettered option can be selected only once). 

A. Aminoglutethimide 

B. Aldosterone 

C Desoxycorticosterone 

D. Dexamethasone 

E. Fludrocortisone 

F. Hydrocortisone 

G. Ketoconazole 

H. Mifepristone 

I. Prednisone 

L Spironolactone 

Difficulty level: Easy 

1. A glucocorticoid devoid of salt-retaining activity 

Difficulty level: Easy 

2. Amineralocorticoid antagonist 

Difficulty level: Easy 

3. Amineralocorticoid used to treat adrenal insufficiency 
Difficulty level: Easy 

4. This drug blocks the conversion of cholesterol to pregnenolone. 
Difficulty level: Easy 

5. This drug blocks the cytoplasmic glucocorticoid receptors. 
Difficulty level: Easy 

6. A 66-year-old man complained to his physician of heartburn 
and a weight gain of 1 5 lb (6.8 kg). The patient, who was suf- 
fering from myasthenia gravis, had been receiving a multiple 
drug treatment for 3 months. Lab results showed serum cal- 
cium of 7.4 mg/dL(normal 8.5-10.5 mg/dL) and fasting blood 
glucose of 160 mg/dL (normal 70-1 10 mg/dL). Which of the 
following drugs most likely caused the patient’s signs and 
symptoms? 

A. Fludrocortisone 

B. Edrophonium 
C Azathioprine 

D. Neostigmine 

E. Testosterone 

F. Dexamethasone 


Difficulty level: Easy 

7. A 57-year-old man suffering from severe dermatomyositis 
had been receiving high-dose prednisone for 6 months. 
Which of the following laboratory results would be most 
likely to occur in this patient? 

A. Hyponatremia 

B. Hypocalcemia 
C Hyperkalemia 

D. Hypoglycemia 

E. Hyperchloremia 

Difficulty level: Easy 

8. A 74-year-old woman with a long history of rheumatoid ar- 
thritis has been receiving prednisone for the past 3 months. 
She also has been receiving captopril to treat her hyperten- 
sion. Which of the following laboratory results would be 
most likely to occur in this patient? 

A. Hyponatremia 

B. Hypercalcemia 
G Hypokalemia 

D. Hyperglycemia 

E. Hypocholesterolemia 

Difficulty level: Easy 

9. A42-year-old woman, recently diagnosed with lupus erythe- 
matosus, started a therapy with high-dose dexamethasone. 
Which of the following best explains why synthetic gluco- 
corticoids are usually preferred over cortisol in the therapy 
of nonendocrine disorders? 

A. Lack of ulcerogenic activity 

B. Less prone to induce salt and water retention 
C Less prone to induce myopathy 

D. Less prone to induce opportunistic infections 

E. Lack of diabetogenic effects 

Difficulty level: Medium 

10. A 45-year-old man complained to his physician of severe 
shoulder pain. Further exams led to the diagnosis of acute 
bursitis, and intra-articular injections of dexamethasone 
were prescribed. Which of the following actions most likely 
contributed to the therapeutic efficacy of the drug in the 
patient’s disease? 

A. Inhibition of adrenocorticotropic hormone (ACTH) release 

B. Increased catabolism of prostaglandins 
C Increased postcapillary permeability 

D. Increased release of interleukin- 1 

E. Induction of lipocortin synthesis 



Difficulty level: Easy 

11 . A 55-year-old woman was admitted to the hospital because 
of increasing muscle weakness, anxiety, and loss of emo- 
tional control. The patient was diagnosed with polymyositis 
5 months ago and had been receiving an appropriate therapy 
since then. Physical examination showed a patient with face 
and trunk obesity and thin and easily bruised skin. Vital 
signs were blood pressure 168/98 mm Hg, pulse 84 bpm, 
respirations 18/min. A bone x-ray revealed diffuse osteopo- 
rosis. Which of the following drugs most likely caused the 
patient’s signs and symptoms? 

A. Methotrexate 

B. Azathioprine 

C Fludrocortisone 

D. Cyclophosphamide 

E. Dexamethasone 

F. Mifepristone 

Difficulty level: Hard 

12 . A46-year-old obese woman was brought unconscious to the 
emergency department. The woman had been suffering from 
asthma usually controlled with inhaled albuterol. Oral pred- 
nisone was added to the therapeutic regimen 3 weeks ago 
because of an exacerbation of her disease. Vital signs on ad- 
mission were blood pressure 130/85 mm Hg, heart rate 120 
bpm, respirations 22/min. Physical examination showed a pa- 
tient unresponsive to verbal stimuli, withdrawn to pain, and 
with pupils equal and reactive. Pertinent laboratory findings 
on admission were fasting blood glucose 900 mg/dL (nor- 
mal 70-1 10 mg/dL), serum osmolality 500 mOsm/L(normal 
< 350 mOsm/L). Urinalysis: specific gravity 1.030, glucose 
4+, no proteins, no ketones. Which of the following disorders 
most likely caused the patient’s signs and symptoms? 

A. Prednisone-precipitated hyperosmolar coma 

B. Albuterol-precipitated diabetic ketoacidosis 
C Prednisone-induced diabetic ketoacidosis 

D. Albuterol- induced ventricular tachycardia 

E. Albuterol-induced cerebral edema 

Difficulty level: Easy 

13 . A 42-year-old man complained to his physician of progres- 
sive loss of vision. The man, diagnosed with rheumatoid ar- 
thritis 6 months ago, had been receiving a high dose of a 
drug since then. An ophthalmic examination revealed early 
cataract formation. Which of the following drugs most likely 
caused the patient’s signs and symptoms? 

A. Mifepristone 

B. Prednisone 

C Fludrocortisone 

D. Methotrexate 

E. Azathioprine 

F. Cyclophosphamide 


Difficulty level: Easy 

14 . A 65-year-old man complained to his physician of epigastric 
distress, muscle weakness, hypertension, and white plaques 
in his mouth. The patient, diagnosed with polyarteritis 
nodosa 8 months ago, had been receiving an appropriate 
therapy since then. Laboratory values showed fasting blood 
glucose of 135 mg/dL(normal 70-1 10 mg/dL) and blood urea 
nitrogen (BUN) of 40 mg/dL(normal 7-1 8 mg/dL). Which of 
the following drugs most likely caused the patient’s signs 
and symptoms? 

A. Indomethacin 

B. Ketoconazole 

C Fludrocortisone 

D. Spironolactone 

E. Prednisone 

F. Ibuprofen 

Difficulty level: Medium 

15 . A 57-year-old woman complained to her physician of mus- 
cle weakness, recurrent epigastric distress, and dull, aching 
back pain. The woman, recently diagnosed with severe ul- 
cerative colitis, had been taking an appropriate therapy for 
5 months. Laboratory values showed a decreased number of 
lymphocytes and an increased number of neutrophils. Which 
of the following drugs most likely caused the patient’s signs 
and symptoms? 

A. Prednisone 

B. Mesalamine 
C Loperamide 

D. Azathioprine 

E. Infliximab 

F. Metronidazole 

Difficulty level: Medium 

16 . A 33-year-old woman suffering from lupus erythematosus 
was admitted to the hospital because of fever (101. 1°F, 
38.5°C), cough, dyspnea, and thoracic pain aggravated by 
breathing. She had been receiving high doses of oral predni- 
sone for 3 months to treat a flare-up of the disease. Chest 
x-rays confirmed the diagnosis of pleural effusion, and a 
sputum test showed acid-fast rods. The patient did not smoke, 
and past history for pulmonary disease was unremarkable. 
Which of the following disorders most likely caused the 
patient’s signs and symptoms? 

A. Pneumococcal pneumonia 

B. Chronic obstructive pulmonary disease 
C Pulmonary tuberculosis 

D. Mycoplasmal pneumonia 

E. Pulmonary fibrosis 

F. Acute pericarditis 



Difficulty level: Easy 

17 . A49-year-old woman underwent a blood test during a rou- 
tine clinic visit. The woman, recently diagnosed with lupus 
erythematosus, had been receiving high-dose prednisone 
for 3 weeks. Which of the following changes in the patient’s 
blood cell concentration most likely occurred as a result of 
her therapy? 

A. Decreased neutrophils 

B. Decreased erythrocytes 
C Increased basophils 

D. Decreased lymphocytes 

E. Increased eosinophils 

Difficulty level: Easy 

18 . A 12-year-old boy, recently diagnosed with acute lympho- 
blastic leukemia, received a multidrug treatment that in- 
cluded prednisone. The therapeutic effect of the drug is most 
likely mediated by the drug-receptor complex binding to 
which of the following molecular targets? 

A. Final sequence on peptidyl RNA 

B. Specific nucleotide sequences on DNA 
C Final sequence on ribosomal RNA 

D. Phospholipase 

E. Interleukin-6 

F. Cyclooxygenase-2 

Difficulty level: Easy 

19 . A72-year-old man complained to his physician of large pur- 
ple blotches on his arms that did not seem to disappear in 
a reasonable amount of time. The man, recently diagnosed 
with dermatomyositis, had started an appropriate therapy 
3 weeks earlier. Which of the following drugs most likely 
caused the adverse effect reported by the patient? 

A. Warfarin 

B. Prednisone 
C Heparin 

D. Methotrexate 

E. Azathioprine 

F. Cyclosporine 

Difficulty level: Medium 

20 . A 54-year-old man was admitted to the hospital because of 
a 1-month history of hypertension, heartburn, paresthesias, 
and transient paralysis. Serum values on admission were Na + 
150 mEq/L (normal 136-145 mEq/L), K + 2.4 mEq/L (normal 
3. 5-5.0 mEq/L), pH 7.5, and decreased plasma renin activity. 
A computed tomography scan showed hypertrophy of both 
adrenal glands. Which of the following drugs would be ap- 
propriate to treat the patient’s disease? 


A. Minoxidil 

B. Furosemide 
C Prednisone 

D. Spironolactone 

E. Fludrocortisone 

F. Testosterone 

Difficulty level: Medium 

21 . A 57-year-old woman had been receiving high-dose beta- 
methasone for 6 months to treat severe relapsing polychon- 
dritis. Because of the ongoing therapy, the patient was most 
likely at increased risk of which of the following disorders? 

A. Exertional angina 

B. Osteoporosis 

C Rheumatoid arthritis 

D. Agranulocytosis 

E. Ulcerative colitis 

Difficulty level: Medium 

22 . A 41-year-old woman was preparing to undergo surgery 
to remove a biliary calculus. The woman had suffered from 
T-cell lymphoma treated successfully with a four-drug 
combination that included prednisone. The therapy ended 
6 months previously. The physician prescribed a course of 
prednisone treatment before the upcoming surgery. Which 
of the following was most likely the primary goal for restart- 
ing prednisone treatment in this patient? 

A. To avoid adrenal insufficiency after surgery 

B. To speed up surgical wound healing 

C To avoid opportunistic infections after surgery 

D. To promote gallbladder relaxation before surgery 

E. To decrease adrenocorticotropic hormone (ACTH) release 
before surgery 

Difficulty level: Easy 

23. A 46-year-old woman suffering from polyarteritis nodosa, 
an autoimmune disease, had been receiving high-dose dexa- 
methasone. Which of the following actions most likely con- 
tributed to the therapeutic effect of the drug in the patient’s 
disease? 

A. Inhibition of catabolism of prostaglandins 

B. Inhibition of liver protein synthesis 
C Increased proliferation of B cells 

D. Increased activation of complement system 

E. Inhibition of catabolism of interleukin- 1 

F. Inhibition of synthesis of tumor necrosis factor (TNF) 

Difficulty level: Medium 

24 . A40-year-old woman was admitted to the hospital complain- 
ing of nausea and vomiting, weight loss, fatigue, and weak- 
ness. She also reported a persistent feeling of faintness on 



standing and decreased tolerance to cold. Physical examina- 
tion showed a patient in moderate distress with increased 
pigmentation around the nipples, absence of axillary and 
pubic hair, and diffuse tanning of exposed portions of the body. 
Significant serum levels on admission were Na + 130 mEq/L 
(normal 136-145 mEq/L), K + 6.2 mEq/L(normal3.5-5 .0 mEq/L), 
fasting blood glucose 42 mg/dL (normal 70-110 mg/dL). 
Which of the following pairs of drugs would be appropriate 
for this patient? 

A. Mifepristone and prednisone 

B. Danazol and cortisol 

C Fludrocortisone and spironolactone 

D. Cortisol and prednisone 

E. Fludrocortisone and cortisol 

Difficulty level: Medium 

25 . A 43-year-old man was admitted unconscious to the emer- 
gency department. The man had been suffering from bron- 
chogenic carcinoma for 8 months. Vital signs on admission 
were blood pressure 90/50 mm Hg, pulse 95 bpm, respi- 
rations 10/min. Physical examination revealed signs of in- 
creased intracranial pressure, and a computed tomography 
scan disclosed diffuse cerebral edema due to brain metas- 
tases. The appropriate emergency treatment of this patient 
should include which of the following drugs? 

A. Epinephrine 

B. Albuterol 

C Dexamethasone 

D. Nitroglycerin 

E. Diltiazem 

F. Nifedipine 

Difficulty level: Medium 

26 . A29-year-old woman was admitted to the hospital because 
of fever (1 02.7°F, 39.2°C), chills, and worsening dyspnea that 
required intubation and mechanical ventilation just after 
admission. A chest radiograph showed bilateral patchy al- 
veolar infiltrates. The patient was given erythromycin and 
cefepime for presumed bacterial pneumonia, but 24 hours 
later a repeat chest radiograph showed progression of the 
infiltrates. Abronchoscopy with bronchoalveolar lavage was 
performed, and a differential cell count of a lavage specimen 
showed 33%eosinophils. Which of the following drugs would 
be appropriate for this patient? 

A. Vancomycin 

B. Acyclovir 
C Prednisone 

D. Ketoconazole 

E. Piperacillin 

F. Gentamicin 


Difficulty level: Hard 

27 . A 63-year-old man with known metastatic prostate cancer 
was admitted to the hospital because of sudden onset of low 
back pain that progressed over 24 hours. He also noted that 
his legs were weaker than usual. Neurologic exam on admis- 
sion showed hyperreflexia, and magnetic resonance imaging 
(MRI) demonstrated spinal cord compression at the T12 ver- 
tebra. Adrug was administered to reduce spinal cord edema. 
The following day, both the back pain and the hyperreflexia 
were substantially decreased. Which of the following drugs 
was most likely given? 

A. Fludrocortisone 

B. Ibuprofen 
C Prednisone 

D. Ketorolac 

E. Furosemide 

F. Spironolactone 

Difficulty level: Easy 

28 . A 54-year-old man, recently diagnosed with immunologic 
thrombocytopenic purpura, started treatment with a large 
dose of an appropriate drug. The molecular mechanism of 
action of that drug involved binding to a receptor-heat shock 
protein complex in the cytoplasm. Which of the following 
drugs was most likely prescribed? 

A. Fludrocortisone 

B. Azathioprine 
C Norethindrone 

D. Prednisone 

E. Calcitriol 

F. Ethinyl estradiol 

Difficulty level: Medium 

29 . A43-year-old man presented to the hospital complaining of 
weight gain, mild but continuing facial acne, and decreased 
muscle strength. On physical examination, the patient was 
found to be plethoric, red-faced with violaceous pigmented 
striae on a protuberant abdomen, and with relatively thin 
extremities. On admission, serum K + levels were 4.5 mEq/L 
(normal 3. 5-5.0 mEq/L). A computed tomography scan dis- 
closed an adrenal adenoma in the left adrenal gland, and the 
patient was scheduled for surgery. Which of the following 
drugs would be appropriate to give to this patient during 
and after surgery? 

A. Fludrocortisone 

B. Spironolactone 
C Cortisol 

D. Aminoglutethimide 

E. Mifepristone 

F. Ketoconazole 



Difficulty level: Easy 

30. A 5 3-year- old woman complained to her physician of weight 
gain, mild but continuing facial acne, and pigmented striae 
on her abdomen. Further exams led to the diagnosis ofCush- 
ing syndrome, and a pharmacotherapy was prescribed. Which 
of the following drugs would be most appropriate to treat 
the patient’s disease? 

A. Prednisone 

B. Fludrocortisone 
C Ketoconazole 

D. Spironolactone 

E. Methimazole 

F. Triamterene 

Difficulty level: Easy 

31. A 24-year-old woman complained to her physician that she 
had to go to the bathroom several times at night. Two weeks 
earlier, the woman had started a treatment with spirono- 
lactone for excessive hair on her face and arms. Which of the 
following molecular actions most likely mediated the pa- 
tient’s nocturia? 

A. Competitive blockade of receptors of the bladder in- 
ternal sphincter 

B. Activation of M 3 receptors on the detrusor muscle 

C Osmotic action on the thin descending loop of Henle 

D. Competitive blockade of aldosterone receptors 

E. Blockade ofNa + /Crsymport in the early distal tubule 

Difficulty level: Easy 

32. A 52-year-old man with Addison disease presented to the 
hospital complaining of episodic weakness, paresthesias, and 
constipation. He had been taking cortisol and fludrocorti- 
sone for several months. On admission, his blood pressure 
was 160/98 mm Hg, and an electrocardiogram showed pro- 
longation of the Q-T interval. Lab results revealed a K + serum 
level of 2.5 mEq/L (normal 3. 5-5.0 mEq/L). Which of the fol- 
lowing events best explains the patient’s syndrome? 

A. Cortisol-induced hyperglycemia 

B. Fludrocortisone excess 

C Inadequate therapy of adrenal insufficiency 

D. Cortisol-induced myopathy 

E. Essential hypertension 

Difficulty level: Medium 

33. A 45-year-old man complained to his physician of increas- 
ing anorexia and malaise. The man also noted that his urine 
was frothy. Medical history and physical examination of the 
patient were unremarkable. Urinalysis of a 24-hour urine 
collection showed 3.8 g of protein. Which of the following 
drugs would be appropriate to treat the patient’s disease? 


A. Indomethacin 

B. Erythromycin 
C Danazol 

D. Octreotide 

E. Betamethasone 

F. Mifepristone 

Difficulty level: Easy 

34. A 22-year-old man was admitted to the emergency de- 
partment because of dyspnea, pruritus, and erythema that 
developed soon after receiving an ampicillin injection. On 
admission, the man was wheezing and had prominent swell- 
ing of the face, eyelids, lips, and tongue. A diagnosis of drug 
anaphylaxis was made, and an injection of epinephrine was 
given. Which of the following drugs should also be adminis- 
tered to the patient? 

A. Aspirin 

B. Prednisone 

C Phenylephrine 

D. Acetaminophen 

E. Atenolol 

F. Dopamine 

Difficulty level: Medium 

35. A 45-year-old woman suffering from Crohn disease had 
been receiving high doses of oral prednisone to treat a severe 
flare-up. Which of the following actions was most likely to 
contribute to the therapeutic effect of the drug in the pa- 
tient’s disease? 

A. Increased catabolism of prostaglandins 

B. Decreased number of circulating neutrophils 
C Increased proliferation of T cells 

D. Increased activation of complement system 

E. Inhibition of lymphocyte-mediated production ofinter- 
leukin-2 

Difficulty level: Medium 

36. A 44-year-old woman complained to her physician of hazy 
vision, black floating spots, and severe pain in both eyes. After 
an ophthalmoscopic evaluation, a diagnosis of acute iridocy- 
clitis was made, and a local drug treatment was prescribed. 
Which of the following drugs would be appropriate for the 
patient’s disease? 

A. Indomethacin 

B. Apraclonidine 
C Timolol 

D. Dexamethasone 

E. Latanoprost 

F. Pilocarpine 



Difficulty level: Medium 

37. A 61 -year-old man suffering from non-Hodgkin lymphoma 
was hospitalized for his first cycle of chemotherapy. A 
pharmacotherapy was prescribed to prevent chemotherapy- 
induced nausea and vomiting. The drug regimen most likely 
included ondansetron, aprepitant, and which of the follow- 
ing drugs? 

A. Dexamethasone 

B. Scopolamine 

C Diphenhydramine 

D. Loperamide 

E. Diazepam 

F. Omeprazole 

Difficulty level: Hard 

38. A 45 -year-old man, HIV positive, was admitted to the emer- 
gency department because of persistent epistaxis. Physical 
examination revealed fever (103.2°F, 39.6°C) and altered 
mental status. Laboratory results on admission showed renal 
failure, hemolytic anemia, and severe consumptive throm- 
bocytopenia. A diagnosis of thrombotic thrombocytopenic 
purpura was made, and a therapy with repeated plasma- 
pheresis was started. Which of the following drugs would 
be appropriate to add to the ongoing treatment? 

A. Fludrocortisone 

B. Alteplase 
C Aspirin 

D. Iron dextran 

E. Prednisone 

F. Sargramostim 

Difficulty level: Easy 

39 . A33-year-old woman, 29 weeks’ pregnant, was admitted to 
the obstetrical unit with ruptured membranes. The patient 
was treated with nifedipine to delay premature labor and 
with another drug to accelerate maturation ofthe fetal lungs, 
thus decreasing the incidence of neonatal respiratory dis- 
tress syndrome. Which ofthe following drugs was most likely 
administered? 

A. Indomethacin 

B. Acetaminophen 
C Dexamethasone 

D. Ergonovine 

E. Dinoprostone 

F. Ondansetron 


Difficulty level: Easy 

40 . A 32-year-old woman suffering from ulcerative colitis had 
been receiving an appropriate treatment that included oral 
prednisone for 3 months. Which of the following reasons 
best explains why this drug was used in the treatment of the 
patient’s disease? 

A. To induce a general depressive effect on intestinal 
functions 

B. To elicit antiinflammatory and immunosuppressive 
effects 

C To control nausea and vomiting, which are prominent in 
this disease 

D. To induce an analgesic effect that can abolish abdominal 
pain 

E. To prevent the risk of colorectal cancer 
Difficulty level: Easy 

41 . An 8-year-old boy with mild persistent asthma was in the 
chest clinic for follow-up of his disease. He had been only 
moderately well controlled on inhaled albuterol “as needed.” 
Physical examination showed diffuse expiratory wheezes, 
and pulmonary function testing revealed a peak expiratory 
flow rate 60%of predicted. The physician decided to add in- 
haled beclomethasone to the therapy, but the boy’s mother 
was concerned about the adverse effects of glucocorticoids. 
The physician told the mother that systemic adverse effects 
of inhaled beclomethasone are extremely rare. Which of the 
following statements best explains the reason for this low 
toxicity? 

A. The drug is completely metabolized by the lung. 

B. The drug is quickly eliminated by the kidney. 

C The dose reaching the systemic circulation is very small. 

D. The drug is completely eliminated with the exhaled air. 

E. Beclomethasone is the least toxic of glucocorticoid drugs. 

Difficulty level: Medium 

42 . A63-year-old woman complained to her physician of a recent 
progressive loss ofvision. The patient had been suffering from 
myasthenia gravis for 6 months and was being treated with 
prednisone, azathioprine, and neostigmine. Other medica- 
tions taken by the patient included omeprazole for gastro- 
esophageal reflux disease and lovastatin for hyperlipidemia. 
Further exams of the eye led to the diagnosis of glaucoma. 
Which of the drugs taken by the patient would be relatively 
contraindicated at this time? 

A. Azathioprine 

B. Omeprazole 
C Prednisone 

D. Neostigmine 

E. Lovastatin 



Difficulty level: Medium 

43 . A 40-year-old man complained to his physician that the 
drug he was taking caused an abnormal increase in the size 
ofhis breasts. Medical history ofthe patient was negative for 
past diseases or use of alcohol or drugs. Two weeks earlier, 
the man was diagnosed with bilateral adrenal hyperplasia 
and had started an appropriate treatment. Which of the fol- 
lowing drugs most likely caused the adverse effect in this 
patient? 

A. Ketoconazole 

B. Cimetidine 

C Ethinyl estradiol 

D. Spironolactone 

E. Oxandrolone 

F. Omeprazole 


Questions: V-4 Drugs for Gonadal Disorders 

Directions for questions 1-5 

Match each drug used in gonadal disorders with the appropriate 
description (each lettered option can be selected only once, more 
than once, or not at all). 

A. Anastrozole 

B. Clomiphene 
C Danazol 

D. Dihydrotestosterone 

E. Finasteride 

F. Flu tarn id e 

G. Fulvestrant 

H. Mifepristone 

I. Norgestrel 

J. Oxandrolone 

K. Tamoxifen 

Difficulty level: Easy 

1. An inhibitor of the enzyme that catalyzes the conversion of 
androgens to estrogens 

Difficulty level: Easy 

2. A selective estrogen receptor modulator 
Difficulty level: Easy 

3. An inhibitor of the enzyme that catalyzes the conversion of 
testosterone to dihydrotestosterone 


Difficulty level: Medium 

44 . A 59-year-old man was admitted to the emergency depart- 
ment because of a 1-week history of nausea, vomiting, and 
lower abdominal cramps. The man had recently been diag- 
nosed with Cushing syndrome and had started an appropri- 
ate therapy 3 weeks earlier. Physical examination revealed 
an afebrile, jaundiced, and cachectic patient with clouded 
mentation. Pertinent lab exam results on admission were 
aspartate aminotransferase 510 U/L, alanine aminotransfer- 
ase 392 U/L (normal 8-20 U/L), alkaline phosphatase 660 U/L 
(normal 25-100 U/L), total bilirubin 3 mg/dL(normal 0.1- 
1 .0 mg/dL). Which of the following drugs most likely caused 
the patient’s disorder? 

A. Metyrapone 

B. Acetaminophen 
C Ketoconazole 

D. Indomethacin 

E. Valproic acid 

F. Lovastatin 


Difficulty level: Easy 

4 . Adrug able to block estrogen receptors in all target tissues 
Difficulty level: Easy 

5 . A competitive antagonist at androgen receptors 
Difficulty level: Easy 

6. A 56-year-old woman complained to her gynecologist of per- 
sistent vaginal burning and vaginal pain during intercourse. 
One year earlier, the woman had undergone total hysterectomy 
because of a large leiomyoma. Physical examination showed 
dryness and atrophy of the vagina. A vaginal cream was pre- 
scribed. Which of the following drugs would be appropriate 
for local therapy in this patient? 

A. Ethinyl estradiol 

B. Norgestrel 
C Anastrozole 

D. Tamoxifen 

E. Finasteride 

Difficulty level: Easy 

7. A61 -year-old woman complained to her physician of increas- 
ing tiredness, a dry cough, and a lump in her right breast. The 
woman had a history of a hormone-positive carcinoma of her 
left breast 15 months earlier, for which she had a mastectomy 
and 3 months of chemotherapy. She had been taking tamoxifen 




daily since ending the chemotherapy. Magnetic resonance 
imaging revealed multiple pulmonary and liver metastases. 
Which of the following drugs would be appropriate to treat 
the metastatic cancer of this patient? 

A. Anastrozole 

B. Flu tarn id e 

G Mifepristone 

D. Norethindrone 

E. Ethinyl estradiol 

F. Finasteride 

Difficulty level: Easy 

8. A63-year-old woman was admitted to the hospital because 
of severe thoracic pain after a fall at home. Medical history 
was significant for mastectomy for breast cancer 8 years 
ago. An x-ray showed fracture of three ribs and diffuse and 
advanced osteoporosis. An appropriate therapy was started 
that included a drug that could lead to an increase in the 
bone mass index and could also decrease the risk of breast 
cancer reactivation. Which of the following drugs was most 
likely administered? 

A. Anastrozole 

B. Alendronate 
G Raloxifene 

D. Testosterone 

E. Norgestrel 

Difficulty level: Easy 

9 . During her annual checkup, a 32-year-old woman was found 
to have mild hypertension (160/90 mm Hg). The woman, 
otherwise healthy, had started an oral contraceptive (ethinyl 
estradiol and norgestrel) 2 months earlier. The physician de- 
cided to change her contraceptive pill and prescribed ethinyl 
estradiol and drospirenone. An increased excretion of which 
of the following ions most likely occurred in this patient 
after a few days of therapy? 

A. Potassium 

B. Sodium 

G Magnesium 

D. Calcium 

E. Bicarbonate 

Difficulty level: Medium 

10 . A 16-year-old girl was seen by her physician because of pri- 
mary amenorrhea. Physical examination showed a short girl 
(height 135 cm, 53.15 in.) with a broad chest, poor breast 
development, and normal external genitalia. Subsequent 
exams revealed rudimentary ovaries, and cytogenetic analy- 
sis showed a 45, X karyotype. A diagnosis was made, and an 


appropriate therapy was prescribed. Which of the following 
drugs would be most appropriate for this patient? 

A. Diethylstilbestrol 

B. Oxandrolone 
G Anastrozole 

D. Mifepristone 

E. Danazol 

F. Ethinyl estradiol 

Difficulty level: Easy 

11 . A 40-year-old woman complained to her gynecologist of 
heavy and painful menstruation over the past 3 months. 
Further exams led to the diagnosis of uterine fibroids, and 
the patient was scheduled for surgery. Which of the follow- 
ing drugs would be appropriate to decrease the patient’s 
symptoms before surgery? 

A. Ethinyl estradiol 

B. Flutamide 
G Finasteride 

D. Mifepristone 

E. Medroxyprogesterone 

Difficulty level: Easy 

12 . A 23-year-old woman asked her physician for a postcoital 
contraceptive 2 days following unprotected intercourse. Which 
of the following drugs would be most appropriate for this 
purpose? 

A. Clomiphene 

B. Leuprolide 

G Levonorgestrel 

D. Fulvestrant 

E. Tamoxifen 

F. Danazol 

Difficulty level: Medium 

13 . A 34-year-old woman complained to her physician of swell- 
ing and pain in her left ankle. The woman was otherwise 
healthy, and the only medication she had been taking was a 
combined oral contraceptive. Further exams confirmed the 
diagnosis of venous thrombosis that the physician believed 
to be caused by the contraceptive pill. Which of the follow- 
ing actions most likely contributed to the adverse effect of 
the drug in this patient? 

A. Increased antithrombin III synthesis 

B. Decreased platelet aggregation 
G Increased synthesis of protein C 

D. Increased synthesis of clotting factors 

E. Decreased plasminogen synthesis 



Difficulty level: Medium 

14 . A 26-year-old woman asked her family physician for a hor- 
monal contraceptive. She refused other methods of contra- 
ception. Past history of the woman indicated disseminated 
intravascular coagulation that followed an abortion due to 
placental abruptio. Which of the following would be the 
most appropriate hormonal contraceptive preparation for 
this woman? 

A. Diethylstilbestrol 

B. Ethinyl estradiol and norethindrone 
C Mestranol and norethindrone 

D. Mifepristone 

E. Ethinyl estradiol and levonorgestrel 

F. Levonorgestrel 

Difficulty level: Easy 

15 . A 39-year-old obese woman was admitted to the hospital 
because of a severe pain in her right calf. Medical history 
included chronic bronchial asthma, currently treated with 
inhaled albuterol, and mild type Ildiabetes, currently treated 
with chlorpropamide and metformin. She had been taking 
combined oral contraceptives for 2 years. Physical examina- 
tion showed a red, swollen, and tender right calf. A duplex 
ultrasonography confirmed the diagnosis of deep venous 
thrombosis. Which of the following drugs most likely caused 
the patient’s disorder? 

A. Norethindrone 

B. Albuterol 

C Ethinyl estradiol 

D. Chlorpropamide 

E. Metformin 

F. Diethylstilbestrol 

Difficulty level: Easy 

16 . A 68-year-old man with a long history of chronic cardiac 
failure presented to his physician complaining of urinary 
hesitancy and frequent need to urinate during the night. 
An examination revealed an enlarged prostate, and further 
exams confirmed the diagnosis of benign prostatic hyperpla- 
sia. Finasteride was included as part of his therapeutic regi- 
men. Which of the following actions most likely mediated 
the therapeutic effect of the drug in the patient’s disease? 

A. Inhibition of follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH) release 

B. Inhibition of gonadotropin-releasing hormone (GnRH) 
release 

C Inhibition of 5a-reductase enzyme 

D. Blockade of progesterone receptors 

E. Blockade of testosterone receptors 


Difficulty level: Easy 

17 . A 20-year-old woman started using a hormonal contracep- 
tive with a monophasic combination of ethinyl estradiol and 
norethindrone. The primary contraceptive mechanism of 
action of this contraceptive preparation most likely includes 
decreased secretion of a hormone from which of the follow- 
ing organs or tissues? 

A. Ovary 

B. Adrenals 

C Posterior pituitary 

D. Endometrium 

E. Hypothalamus 

Difficulty level: Medium 

18 . A43-year-old woman recently diagnosed with endometrio- 
sis started a treatment with medroxyprogesterone, one tab- 
let daily. Which of the following effects most likely occurred 
after a few days of therapy? 

A. Decreased body temperature 

B. Increased estrogen secretion by the ovary 

C Increased ventilatory response to carbon dioxide 

D. Decreased kidney excretion of sodium and water 

E. Increased circulating levels of amino acids 

Difficulty level: Easy 

19 . A 21-year-old woman started using a combined oral con- 
traceptive pill (ethinyl estradiol and norethindrone). Which 
of the following cell structures is the primary site of action 
of both drugs? 

A. Nucleus 

B. Membrane 

C Mitochondria 

D. Ribosomes 

E. Golgi apparatus 

Difficulty level: Easy 

20 . A 45-year-old woman complained to her physician that for 
the past month she had frequent episodes of developing a 
sudden feeling of warmth over her chest accompanied by a 
patchy flushing of her skin. She stated that these symptoms 
were extremely disturbing. She had been having irregular 
menstrual periods for the past year, often skipping two or 
three periods at a time. Which of the following preparations 
would be most appropriate for short-term hormonal replace- 
ment therapy in this woman? 

A. Oral ethinyl estradiol 

B. Transdermal estradiol 
C Oral norethindrone 

D. Subcutaneous implant of levonorgestrel 

E. Oral ethinyl estradiol-norgestrel combination 

F. Parenteral medroxyprogesterone 



Difficulty level: Medium 

21 . A 26-year-old woman came to her physician complaining 
of hyperpigmentation of her face. Physical examination re- 
vealed a poorly defined, blotchy, masklike zone of facial 
pigmentation with almost equal involvement ofher cheeks, 
temples, and forehead. Skin biopsy showed increased mela- 
nin pigment in basal layers. The woman had been taking a 
hormonal contraceptive for 6 years. She was a long-distance 
runner and admitted the use of oxandrolone, erythropoie- 
tin, and methamphetamine while training. Which of the fol- 
lowing drugs most likely caused the hyperpigmentation in 
this woman? 

A. Ethinyl estradiol 

B. Oxandrolone 
C Erythropoietin 

D. Norethindrone 

E. Methamphetamine 

Difficulty level: Easy 

22. A 59-year-old woman diagnosed with metastatic breast 
cancer started a treatment that included anastrozole. Which 
of the following molecular actions most likely mediated the 
therapeutic effect of the drug in the patient’s disease? 

A. Activation of estrogen catabolism 

B. Competitive blockade of estrogen receptors 

C Competitive blockade of progesterone receptors 

D. Inhibition of conversion of androgens to estrogens 

E. Inhibition of conversion of progesterone to androgens 

Difficulty level: Easy 

23 . A32-year-old woman had been taking a combined oral con- 
traceptive pill for the past 5 years. However, she recently de- 
veloped a disorder that prompted her physician to withdraw 
the pill and to recommend other forms of contraception. 
Which of the following disorders most likely occurred to this 
patient? 

A. Rheumatoid arthritis 

B. Vein thrombosis 
G Vaginal infection 

D. Acne 

E. Anorexia 

Difficulty level: Easy 

24 . A 54-year-old woman was admitted to the hospital because 
of increasing shortness of breath. Five years earlier, the 
woman had been diagnosed with hormone-positive breast 
cancer and underwent radical mastectomy and six cycles 
of chemotherapy. She had been receiving hormonal therapy 
with tamoxifen since then. A computed tomography scan 
showed multiple lung metastases. Tamoxifen was stopped, 


and a therapy with a competitive estrogen receptor antago- 
nist was initiated. Which of the following drugs was most 
likely given? 

A. Anastrozole 

B. Danazol 

C Leuprolide 

D. Fulvestrant 

E. Mifepristone 

Difficulty level: Easy 

25 . A 52-year-old woman presented to her physician complain- 
ing of hot flushes and night sweats that disturbed her sleep. 
Her last menstrual period was 6 months ago. The physician 
prescribed a hormone replacement therapy with a combined 
contraceptive pill (ethinyl estradiol and norethindrone). This 
therapy might carry a small increase in the risk of which of 
the following diseases? 

A. Osteoporosis 

B. Breast cancer 
C Colon cancer 

D. Ovarian cancer 

E. Endometrial cancer 

Difficulty level: Easy 

26 . A 27-year-old woman who was having trouble trying to 
conceive started a cycle of therapy with clomiphene. Eight 
weeks later, she had a positive pregnancy test. Which of 
the following was most likely the primary site of action of 
the drug that led to the woman’s successfully becoming 
pregnant? 

A. Corpus luteum 

B. Hypothalamus 
C Uterine tube 

D. Posterior pituitary 

E. Ovary 

F. Endometrium 

Difficulty level: Easy 

27 . A22-year-old woman started using a combination hormonal 
contraceptive (ethinyl estradiol and norethindrone). Syn- 
thetic estrogens and progestins are currently used in most 
contraceptive formulations instead of natural hormones 
mainly because of which of the following pharmacological 
advantages? 

A. Much lower incidence of adverse effects 

B. Greater oral bioavailability 
C Higher hormonal efficacy 

D. High er inhibition of gonadotropin secretion 

E. Lower teratogenic activity 



Difficulty level: Easy 

28 . A 24-year-old man complained to his physician of erectile 
dysfunction. Further exams led to the diagnosis of adult- 
onset hypogonadism, and a therapy with a testosterone patch 
was started. Which of the following effects most likely oc- 
curred after a few days of therapy? 

A. Enhanced luteinizing hormone (LH) secretion 

B. Decreased synthesis of clotting factors 

C Decreased growth of bone marrow stem cells 

D. Enhanced erythropoietin synthesis 

E. Increased high-density lipoprotein (HDL) levels 

Difficulty level: Easy 

29 . A 30-year old man, who was a long-distance runner, had 
been using large doses of anabolic steroids for more than 10 
years to increase his athletic performance. The man was 
most likely at increased risk of developing which of the fol- 
lowing diseases? 

A. Osteoporosis 

B. Angioneurotic edema 
C Hemolytic anemia 

D. Hepatic tumors 

E. Kidney failure 

F. Gastric ulcer 

Difficulty level: Easy 

30 . A 16-year-old girl complained to her physician that her peri- 
ods were very irregular, with intervals between 22 days and 
4 months. She also noticed increased hair growth on her 
face, extremities, abdomen, and breasts. Further exams led 
to the diagnosis of polycystic ovary syndrome, and an ap- 
propriate treatment was prescribed. Which of the following 
pairs of drugs would be appropriate for this patient? 

A. Ethinyl estradiol and mifepristone 

B. Danazol and norgestrel 

C Ethinyl estradiol and danazol 

D. Danazol and mifepristone 

E. Mifepristone and norgestrel 

F. Ethinyl estradiol and norgestrel 

Difficulty level: Easy 

31 . A 23-year-old woman asked her physician for a contracep- 
tive pill. Because the woman had suffered in the past from 
deep venous thrombosis, the physician prescribed a proges- 
tin-only oral contraceptive (the mini pill). Which of the fol- 
lowing actions most likely contributed to the contraceptive 
effect of the prescribed drug? 

A. Activation of progestin receptors in the corpus luteum 

B. Stimulation of follicle-stimulating hormone (FSH) release 
from the pituitary 


C Increased viscosity of the cervical mucus 

D. Increased frequency of gonadotropin-releasing hormone 
(GnRH) pulse generator 

E. Stimulation of contraction of the myometrium 
Difficulty level: Easy 

32. A54-year-old woman had been receiving tamoxifen for 1 year 
following surgery for breast cancer. Which of the following 
drug classes best defines this drug? 

A. Estrogen receptor antagonist 

B. Progestin receptor agonist 

C Progestin receptor antagonist 

D. Selective estrogen receptor modulator 

E. Aromatase synthesis inhibitor 

F. Androgen receptor agonist 

Difficulty level: Hard 

33. A 1 5-year-old boy was admitted to the hospital because of a 
sudden swelling in his arms, legs, abdomen, lips, tongue, and 
throat. Past history of the patient indicated that his father 
had had a similar episode in his youth. An emergency ther- 
apy was started, and further exams indicated very low levels 
of Cj esterase inhibitor. Afew days later, the patient was dis- 
charged with a suitable therapy. Which of the following 
drugs would be appropriate to prevent further attacks in this 
patient? 

A. Flu tarn id e 

B. Octreotide 
C Clomiphene 

D. Medroxyprogesterone 

E. Danazol 

F. Mifepristone 

Difficulty level: Medium 

34. A 63-year-old man came to his physician complaining of a 
persistent backache. Rectal examination revealed a single, 
hard, irregular nodule within his prostate. Subsequent exams 
found his prostate-specific antigen (PSA) level to be 100 ng/mL 
(normal <3.0 ng/mL), and a computed tomography scan 
showed several enlarged pelvic lymph nodes and multiple 
sclerotic lesions in his spine. Which of the following pairs of 
drugs would be most appropriate for the patient at this time? 

A. Paclitaxel and cisplatin 

B. Vincristine and prednisone 
C Leuprolide and flutamide 

D. Tamoxifen and anastrozole 

E. Vincristine and actinomycin 

Difficulty level: Easy 

35. A 19-year-old woman started using daily norethindrone pills 
as a hormonal contraceptive. Which ofthe following adverse 



effects would be most likely associated with this method of 
contraception? 

A. Increased skin pigmentation 

B. Megaloblastic anemia 
C Retinal thrombosis 

D. Breakthrough bleeding 

E. Galactorrhea 

Difficulty level: Medium 

36. A 21 -year-old woman complained to her physician of re- 
current nausea lasting most of the day. The woman had 
been suffering from a urinary tract infection presently being 
treated with ciprofloxacin and from gastroesophageal reflux 
disease presently being treated with omeprazole. She also 
routinely took ibuprofen during her menstrual period. One 
week ago, she started taking a contraceptive pill (ethinyl es- 
tradiol and norgestrel). Which of the following drugs most 
likely caused the patient’s nausea? 

A. Ethinyl estradiol 

B. Ciprofloxacin 
C Norgestrel 

D. Omeprazole 

E. Ibuprofen 

Difficulty level: Easy 

37 . Ayoung couple presented to the physician complaining that 
they have been trying for 2 years to conceive a second child 
but have not been successful. Their first child was a healthy 
4-year-old girl. Lab tests revealed that the husband was se- 
verely oligospermic. On questioning, he admitted he had been 
taking some drugs to aid his athletic performance. Which of 
the following drugs most likely contributed to the oligosper- 
mia of this man? 

A. Vitamin B p 

B. Danazol 

C Ferrous sulphate 

D. Medroxyprogesterone 

E. Erythropoietin 

F. Oxandrolone 

Difficulty level: Easy 

38 . A 38-year-old woman underwent a hysterectomy and bilat- 
eral oophorectomy because of acute pelvic peritonitis. One 
month later, a hormonal treatment was started. Which of 
the following drugs would be appropriate for this patient? 

A. Leuprolide 

B. Estradiol 
C Tamoxifen 

D. Human chorionic gonadotropin 

E. Norgestrel 

F. Anastrozole 


Difficulty level: Medium 

39 . A37-year-old woman complained ofsevere pelvicpain during 
menstruation and mild to moderate pain on some nonmen- 
strual days. Physical examination of the patient revealed 
diffuse uterine and adnexal tenderness and multiple nodes 
palpated along the uterosacral ligament. Laparoscopic exam- 
ination showed endometriotic lesions. Which ofthe following 
drug therapies would be most appropriate for this patient? 

A. Anastrozole 

B. Human chorionic gonadotropin 
C Lutropin alfa 

D. Tamoxifen 

E. Combined oral contraceptives 

F. Urofollitropin 

Difficulty level: Hard 

40 . A 22-year-old woman was admitted to the emergency de- 
partment because of excruciating abdominal pain over the 
past 4 hours. The woman had been suffering from asthma, 
presently treated with albuterol and ipratropium, and from 
recurrent urinary tract infection, presently treated with ci- 
profloxacin and azithromycin. A few days earlier, she had 
started using a combined oral contraceptive for the first time. 
Physical examination showed a patient in obvious distress 
with pronounced muscle weakness. Bladder catheterization 
showed clear red urine. Further exams confirmed the diag- 
nosis of an acute porphyric attack. Which of the following 
drugs most likely triggered the patient‘s disorder? 

A. Albuterol 

B. Norethindrone 
C Ipratropium 

D. Ciprofloxacin 

E. Azithromycin 

Difficulty level: Medium 

41 . A 10-year-old boy was brought to the emergency depart- 
ment with the admitting diagnosis of bacterial meningitis. 
Further exams confirmed the diagnosis of meningococcal 
meningitis, and a drug was given prophylactically to all the 
heath personnel assisting the boy. The female personnel were 
instructed that hormonal contraceptives were not effective 
when taken with the given drug, as that drug was able to 
significantly reduce plasma concentration of estrogens and 
progestins. Which of the following was most likely the drug 
used to prevent the infection in close contacts of this boy? 

A. Ceftriaxone 

B. Ciprofloxacin 
C Erythromycin 

D. Ketoconazole 

E. Rifampin 



Questions: V-5 Drugs for Bone Homeostasis 


Directions for questions 1-5 

Match each drug affecting bone homeostasis with the appropri- 
ate description (each option can be selected more than once). 


A. 

Alendronate 

B. 

Calcipotriene 

C 

Calcitonin 

D. 

Calcitriol 

E. 

Calcium 

F. 

Cholecalciferol 

G. 

Cinacalcet 

H. 

Denosumab 

I. 

Fluoride 

J. 

Paricalcitol 

K. 

Teriparatide 

L 

Sevelamer 

Difficulty level: Easy 


1. This drug can induce osteoclast apoptosis. 

Difficulty level: Easy 

2. This drug is a recombinant human parathyroid hormone 
(1-34). 

Difficulty level: Easy 

3. This drug activates a calcium-sensing receptor on the para- 
thyroid glands. 

Difficulty level: Easy 

4 . This drug can inhibit the gene expression of parathyroid 
hormone. 

Difficulty level: Easy 

5 . This hormone is secreted by the parafollicular cells of the 
thyroid gland. 

Difficulty level: Easy 

6. A 61-year-old woman, suffering from severe osteoporosis, 
sustained a tibial fracture, and her physician decided to add 
teriparatide to the current therapy. Which of the following 
actions most likely mediated the therapeutic effect of teri- 
paratide in this patient? 

A. Stimulation of osteoblast activity 

B. Inhibition of osteoclast activity 

C Inhibition of renal phosphate excretion 

D. Stimulation of bone collagen synthesis 

E. Inhibition of renal synthesis of calcitriol 


Difficulty level: Easy 

7 . A 76-year-old man complained to his physician of muscle 
aches. Further exams led to the diagnosis of vitamin D defi- 
ciency due to inadequate intake. A vitamin D supplemen- 
tation was prescribed. Which of the following would be the 
most appropriate pharmacotherapy for this patient? 

A. Cholecalciferol 

B. Calcitriol 

C Teriparatide 

D. Cinacalcet 

E. Calcitonin 

Difficulty level: Easy 

8. A 49-year-old man suffering from chronic renal failure was 
admitted to the hospital because of a hip fracture. Further 
exams revealed a diffuse demineralization of bone. An ap- 
propriate therapy was started that included calcitriol. Which 
of the following actions most likely mediated the therapeu- 
tic efficacy of the drug in this patient? 

A. Stimulation of liver hydroxylation of cholecalciferol 

B. Stimulation of renal a 1 hydroxylase 

C Decreased intestinal phosphate absorption 

D. Increased intestinal calcium absorption 

E. Decreased renal phosphate reabsorption 

Difficulty level: Easy 

9 . A 66-year-old woman suffering from osteoporosis and hy- 
pertension has been treated for the past year with raloxifene 
and calcium carbonate for osteoporosis and with hydrochlo- 
rothiazide for hypertension. Despite the therapy, a recent 
bone mineral density test showed a significant decrease in 
bone mass. Which of the following would be an appropriate 
change in the treatment plan of this patient? 

A. Substitute hydrochlorothiazide with propranolol. 

B. Substitute raloxifene with ethinyl estradiol. 

C Add calcitonin to the current regimen. 

D. Increase the daily dose of calcium carbonate. 

E. Add prednisone to the current regimen. 

F. Add alendronate to the current regimen. 

Difficulty level: Easy 

10 . A 50-year-old woman recently hospitalized because of wors- 
ening of her disease started a treatment that included seve- 
lamer. Which of the following was most likely the clinical 
condition for which the drug was prescribed? 




A. liver cirrhosis 

B. Lupus erythematosus 
C Crohn disease 

D. Chronic heart failure 

E. End-stage renal disease 

Difficulty level: Easy 

11 . A 7-year-old Black boy was brought to the emergency de- 
partment after he fell while playing in the yard. Physical ex- 
amination revealed only minor skin scratches, but an x-ray 
showed two rib fractures, clearly demineralized bone, and 
widening and cupping of metaphyses with exaggerated 
normal concavity and irregular calcification. Pertinent serum 
values on admission were calcium 8.3 mg/dL (normal 8.5- 
10.5 mg/dL), phosphate 2.2 mg/dL (normal 3. 0-4. 5 mg/dL), 
and a two-fold increase in alkaline phosphatase. Which of 
the following drugs would be most appropriate for this boy? 

A. Cholecalciferol 

B. Calcitonin 
C Calcitriol 

D. Teriparatide 

E. Alendronate 

F. Cinacalcet 

Difficulty level: Easy 

12 . A 4-year-old boy recently diagnosed with rickets started a 
treatment with cholecalciferol. Which of the following mo- 
lecular actions most likely mediated the therapeutic effect 
of the drug in the patient’s disease? 

A. Cholecalciferol-activated vitamin D receptor complex 
binds to RNA. 

B. Cholecalciferol-activated vitamin D receptor complex 
binds to DNA. 

C Calcitriol-activated vitamin D receptor complex binds 
to RNA. 

D. Calcitriol-activated vitamin D receptor complex binds 
to DNA. 

E. Ergocalciferol-activated vitamin D receptor complex 
binds to RNA. 

F. Ergocalciferol-activated vitamin D receptor complex 
binds to DNA. 

Difficulty level: Easy 

13 . A 52-year-old woman complained to her physician of a per- 
sistent gastric pain every time she took a prescribed drug. 
The woman, recently diagnosed with severe osteoporosis, 
had started a therapy with oral alendronate 1 week earlier. 


The physician suspended alendronate and prescribed intra- 
venous administration of zoledronate, explaining to the 
patient that a single injection would be effective for at least 
5 to 6 months. Zoledronate has a half-life of about 7 days. 
Which of the following best explains the reason for the ex- 
ceptionally long efficacy of the drug? 

A. Alteration of gene expression of bone osteoblasts 

B. Incorporation into bone hydroxyapatite crystals 
C Repeated enterohepatic cycling of the drug 

D. Very slow biotransformation to active intermediates 

E. Irreversible binding to plasma proteins 

Difficulty level: Medium 

14 . A 63-year-old man was admitted to the hospital because of 
altered mental status and dehydration. Six months earlier, 
the patient had undergone radical prostatectomy for pros- 
tate cancer. Physical examination showed a dehydrated man 
with fluctuating consciousness level and disoriented to time 
and place. Pertinent serum values on admission were cal- 
cium 16.5 mg/L (normal 8.5-10.5 mg/L), alkaline phospha- 
tase 304 U/L (normal 20-90 U/L). Which of the following 
drugs should be included in the therapeutic management of 
this patient? 

A. Sodium phosphate 

B. Hydrochlorothiazide 
C Pamidronate 

D. Mannitol 

E. Fludrocortisone 

F. Cinacalcet 

Difficulty level: Medium 

15 . A 46-year-old man complained to his physician of muscle 
weakness, fatigue, constipation, nausea, and polyuria. Past 
medical history was unremarkable. Subsequent lab exams 
showed the following serum values: calcium 14.5 mg/dL 
(normal 8.5-10.5 mg/dL), phosphate 2.1 mg/dL (normal 
3. 0-4. 5 mg/dL), and immunoreactive parathyroid hormone 
142 pg/mL (normal 11-54 pg/mL). Which of the following 
drugs would be appropriate to include in the therapeutic 
management of this patient? 

A. Calcitriol 

B. Hydrochlorothiazide 
C Sodium fluoride 

D. Triamterene 

E. Teriparatide 

F. Calcitonin 



Difficulty level: Easy 

16 . A 5 1 -year-old woman, recently diagnosed with Paget disease 
of bone, had been receiving alendronate for 1 week, but the 
drug had to be suspended because of a persistent abdomi- 
nal pain. The physician decided to replace the alendronate 
with calcitonin. Which of the following actions most likely 
mediated the therapeutic effect of calcitonin in the patient’s 
disease? 

A. Inhibition of osteoclast activity 

B. Stimulation of osteoblast activity 

C Stimulation of renal calcium reabsorption 

D. Stimulation of renal phosphate reabsorption 

E. Inhibition of intestinal calcium absorption 

Difficulty level: Medium 

17 . A 43 -year-old man with a 2 5 -year history of type 1 diabetes 
was evaluated at a regular clinic visit. Pertinent serum val- 
ues determined were glucose 190 mg/dL, calcium 7.3 mg/dL 
(normal 8.5-10.5 mg/dL), phosphate 5.1 mg/dL(normal 3.0- 
4.5 mg/dL), creatinine 3.9 mg/dL. An x-ray exam revealed 
density changes in the bones that were consistent with renal 
osteodystrophy. Which of the following drugs should be 
included in the treatment plan for this patient? 

A. Alendronate 

B. Calcitonin 
C Calcitriol 

D. Teriparatide 

E. Cinacalcet 

Difficulty level: Easy 

18 . A 59-year-old woman with a long history of chronic kidney 
disease was recently diagnosed with secondary hyperpara- 
thyroidism and started a treatment that included cinacalcet. 
Which of the following molecular actions most likely medi- 
ated the therapeutic effect of the drug in the patient’s disease? 

A. Activation of parathyroid hormone (PTH) receptors 

B. Blockade of PTH receptors 

C Activation of calcium-sensing receptors 

D. Blockade of calcium-sensing receptors 

E. Activation of calcitriol receptors 

F. Blockade of calcitriol receptors 

Difficulty level: Medium 

19 . A 54-year-old homeless man with a 1 5-year history of alco- 
holism was brought to the hospital by the police, who had 
found him lying on the street. Physical examination showed 
a disheveled, confused, and cachectic man with prominent 
veins on a very tense abdomen. Pertinent serum values 
on admission were calcium 5.5 mg/L (normal 8.5-1 0.5) and 
alanine aminotransferase 300 U/L(normal 8-35). An x-ray 


disclosed diffuse demineralization of bones. An appropriate 
therapy was ordered. Which of the following drugs should 
be included in the therapeutic management of this patient? 

A. Teriparatide 

B. Cholecalciferol 
C Alendronate 

D. Calcitriol 

E. Calcipotriene 

Difficulty level: Easy 

20 . A 64-year-old woman complained to her physician of per- 
sistent back pain for the past 3 days. Dual-energy x-ray ab- 
sorptiometry showed diffuse osteoporosis of the spine and 
hips. The physician prescribed calcium and vitamin D sup- 
plementation and alendronate, one tablet daily. Which of 
the following actions most likely mediated the therapeutic 
effect of alendronate in the patient’s disease? 

A. Stimulation of osteoblast activity 

B. Stimulation of intestinal calcium absorption 
C Inhibition of renal calcium excretion 

D. Inhibition of osteoclast activity 

E. Inhibition of renal synthesis of calcitriol 

Difficulty level: Medium 

21 . A61-year-old woman suffering from osteoporosis had been 
receiving alendronate and vitamin D supplementation for 
2 years. Recent dual-energy x-ray absorptiometry showed a 
big decrease in bone density. The patient’s history was sig- 
nificant for a femur fracture 2 months earlier and a rib frac- 
ture 1 month earlier. Which of the following drugs is most 
likely to increase bone density in this patient? 

A. Teriparatide 

B. Ethynil estradiol 
C Pamidronate 

D. Calcitonin 

E. Paricalcitol 

Difficulty level: Easy 

22 . A 56-year-old woman complained to her physician of fre- 
quent heartburn and pain in the substernal region. The 
woman had started an appropriate therapy for osteoporosis 
2 weeks earlier. Which of the following drugs most likely 
caused the patient’s symptoms? 

A. Prednisone 

B. Calcitonin 
C Raloxifene 

D. Teriparatide 

E. Cholecalciferol 

F. Alendronate 



Difficulty level: Hard 

23 . A57-year-old man complained to his physician of occasional 
bone pain, which was accentuated at night, and decreasing 
auditory acuity. The patient had a long history of gastro- 
esophageal reflux disease currently treated with omeprazole. 
Physical examination revealed skull enlargement, a hobbling 
gait, and anterolateral bowing of the legs with warmth and 
periosteal tenderness. Plain x-rays showed increased bone 
density, cortical thickening, and bony enlargement. Labora- 
tory results showed alkaline phosphatase of 230 IU/L (nor- 
mal 20-90 IU/L). Which of the following drugs would be 
appropriate for this patient? 

A. Parenteral calcitonin 

B. Oral alendronate 

G Parenteral teriparatide 

D. Oral cinacalcet 

E. Oral raloxifene 

F. Parenteral calcitriol 

Difficulty level: Easy 

24 . A49-year-old woman was admitted to the hospital because 
oftetanic muscle spasms and paresthesias following a recent 
thyroidectomy. Which of the following drugs given intrave- 
nously could rapidly reverse the patient’s symptoms? 

A. Vitamin D 

B. Calcitonin 

C Sodium phosphate 

D. Calcium gluconate 

E. Hydrocortisone 

F. Alendronate 

Difficulty level: Easy 

25 . A 69-year-old woman was admitted to the emergency de- 
partment with prominent skeletal muscle weakness, drows- 
iness, emotional lability, confusion, dizziness, nausea, and 
constipation. The patient’s medications on admission in- 
cluded losartan and furosemide for chronic heart failure, 
teriparatide for osteoporosis, and timolol and dorzolamide 
for glaucoma. Lab tests revealed a serum calcium level of 14 
mg/dL (normal 8.5-10.5 mg/dL). Which of the drugs taken 
by the patients most likely caused her hypercalcemia? 

A. Losartan 

B. Furosemide 
C Timolol 

D. Teriparatide 

E. Dorzolamide 

Difficulty level: Medium 

26 . A 62-year-old woman suffering from severe osteoporosis 
started a therapy with teriparatide, a subcutaneous injection 


daily. Which of the following actions most likely occurred 
after the administration of this drug? 

A. Increased renal phosphate reabsorption 

B. Increased renal calcium reabsorption 
C Decreased renal calcitriol production 

D. Increased bone resorption 

E. Increased parathyroid hormone secretion 

Difficulty level: Easy 

27 . A58-year-old woman suffering from increasingly worsening 
osteoporosis recently had denosumab added to her pharma- 
cotherapeutic regimen. Which of the following actions most 
likely mediated the therapeutic effect of the drug in the pa- 
tient’s disease? 

A. Enhancement of osteoblast apoptosis 

B. Inhibition of parathyroid hormone biosynthesis 
C Inhibition of osteoclast formation 

D. Enhancement of intestinal absorption of vitamin D 

E. Enhancement of calcitonin biosynthesis 

Difficulty level: Easy 

28 . A 42-year-old man suffering from advanced renal insuffi- 
ciency was scheduled for kidney transplant. Arecent labo- 
ratory test showed the following serum values: calcium 
6.9 mg/dL (normal 8.5-10.5 mg/dL), phosphate 6.1 mg/dL 
(normal 3. 0-4 .5 mg/dL). Which ofthe following drugs would 
be appropriate to include in the current pharmacotherapy 
of this patient? 

A. Alendronate 

B. Sevelamer 
C Calcitonin 

D. Furosemide 

E. Cholecalciferol 

Difficulty level: Medium 

29 . A 49-year-old man presented to his physician complaining 
of recurring skin lesions most prominent over the scalp, ex- 
tensor surfaces ofthe elbows and knees, buttocks, and penis. 
The man also complained of increasing pain in his left hand 
and left hip. Physical examination showed oval erythematous 
plaques covered with thick, silvery, shiny scales. The distal 
interphalangeal joints of digits 2 and 3 ofthe left hand were 
swollen and tender. Adiagnosis was made, and a topical drug 
treatment was prescribed. Which of the following drugs 
would be appropriate for this patient? 

A. Fludrocortisone 

B. Calcitonin 

C Calcipotriene 

D. Erythromycin 

E. Alendronate 

F. Cinacalcet 



Difficulty level: Easy 

30 . A 63-year-old man with a long history of chronic kidney 
disease was admitted to the hospital because of increasing 
anorexia, nausea and vomiting, and weight loss. Pertinent 
serum values on admission were creatinine 3.4 mg/dL, cal- 
cium 8.6 mg/dL(normal 8.5-10.5 mg/dL), phosphate 4.9 mg/ 
dL(normal 3.0-4. 5 mg/dL). A diagnosis of severe renal insuf- 
ficiency was made, and an appropriate therapy was started 


that included cinacalcet. Which of the following was most 
likely the main site of action of this drug for treating the pa- 
tient’s condition? 

A. Lung 

B. Kidney 

C Parathyroid glands 

D. Small intestine 

E. Bone 


Questions: V-6 Drugs for Diabetes Mellitus 


Directions for questions 1-7 

Match each antidiabetic drug with the appropriate description 
(each lettered option can be selected once, more than once, or not 


at all). 

A. 

Chlorpropamide 

B. 

Exenatide 

C 

Insulin glargine 

D. 

Glyburide 

E. 

Insulin lispro 

F. 

Metformin 

G. 

Miglitol 

H. 

NPH insulin 

I. 

Regular insulin 

L 

Repaglinide 

M. 

Pioglitazone 

N. 

Sitagliptin 


Difficulty level: Easy 

1. An insulin preparation with a very fast onset of action 

Difficulty level: Easy 

2. Insulin preparation that can be used for intravenous ad- 
ministration 

Difficulty level: Easy 

3. Adipeptidyl peptidase inhibitor 

Difficulty level: Easy 

4 . An inhibitor of an enzyme located on the brush border of the 
intestinal epithelium 

Difficulty level: Easy 

5. This noninsulin drug regulates transcription of several insulin- 
responsive genes. 


Difficulty level: Easy 

6. A drug used to treat both diabetes mellitus and diabetes 
insipidus 

Difficulty level: Easy 

7. Insulin preparation with no peak effect 
Difficulty level: Easy 

8. A 44-year-old man with type 1 diabetes started an intensive 
therapy to achieve a tight control of his diabetes. Which of the 
following complications will the man be at greatest increased 
risk of experiencing? 

A. Loss of vision 

B. Hypertension 
C Nephropathy 

D. Hypoglycemia 

E. Weigh loss 

F. Allergic reactions 

Difficulty level: Easy 

9 . A 22-year-old woman with type 1 diabetes was brought un- 
conscious to the emergency department. Her blood glucose 
level was 395 mg/dL(normal 70-1 10 mg/dL). An intravenous 
infusion of insulin was started, and 6 hours later the patient’s 
blood glucose decreased to a normal level. Which of the fol- 
lowing molecular actions most likely contributed to the ther- 
apeutic effect of the drug in the patient’s disorder? 

A. Inhibition of glucose transporters in pancreas cell 
membranes 

B. Phosphorylation of a tyrosine kinase-linked receptor 

C Activation of adenosine triphosphate (ATP)-sensitive K + 
channels in target cells 

D. Stimulation of hormone-sensitive lipase 

E. Inhibition of liver glucokinase 



Difficulty level: Hard 

10 . A 17-year-old girl was admitted to the emergency depart- 
ment following a motor vehicle accident. She was obtunded 
and responded only to pain. Medical history obtained from 
her mother was unremarkable. Physical examination showed 
a patient with contusions on her face and arms but no 
signs of cranial trauma. Vital signs were temperature 97°F 
(3 6.1 °C), blood pressure 105/70 mm Hg, pulse 1 12 bpm, res- 
pirations 22/min. Pertinent serum values were bicarbonate 
6 mEq/L(normal 22-28 mEq/L), glucose 847 mg/dL(normal 
70-1 10 mg/dL), creatinine 1.1 mg/dL(normal 0.6-1 .2 mg/dL). 
Urinalysis showed the following: specific gravity 1.036, glu- 
cose 4+, ketones 4+. Which of the following correctly pairs 
the most likely patient disorder with the appropriate emer- 
gency treatment? 

A. Diabetic hyperosmolar coma/intravenous (IV) regular 
insulin 

B. Acute renal failure/furosemide 

C Posttraumatic liver failure/IV acetylcysteine 

D. Respiratory acidosis/IV bicarbonate infusion 

E. Diabetic ketoacidosis/IV regular insulin 

Difficulty level: Easy 

11 . A 24-year-old obese woman in her 26th week of pregnancy 
was diagnosed with gestational diabetes mellitus after a 
positive glucose tolerance test. She was otherwise healthy, 
and her past medical history was unremarkable. Dietary 
management failed to control the blood glucose, and her 
physician decided to prescribe antidiabetic therapy. Which 
of the following drugs would be most appropriate for the 
patient at this time? 

A. Glyburide 

B. Metformin 
C Repaglinide 

D. Insulin 

E. Sitagliptin 

Difficulty level: Easy 

12 . A 60-year-old woman with a long history of severe type 2 
diabetes had been taking multiple daily injections of insulin, 
including an insulin glargine preparation. Which of the fol- 
lowing sets of properties (from A to E) best describes the 
time course of effects of this preparation? 


Difficulty level: Easy 

13 . A7-year-old boy was brought to the emergency department 
by his parents because of nausea, vomiting, and persistent 
abdominal pain secondary to the flu. Medical history of the 
patient was unremarkable. Pertinent serum values on admis- 
sion were fasting blood glucose 300 mg/dL(70-l 10 mg/dL), 
glycosuria 3+. Which of the following drugs would be appro- 
priate for this patient? 

A. Regular insulin 

B. Metformin 
C Pioglitazone 

D. Repaglinide 

E. Miglitol 

F. Glyburide 

Difficulty level: Medium. 

14 . An 1 1-year-old boy recently diagnosed with type 1 diabetes 
started insulin therapy. Which of the following insulin regi- 
mens (from A to E) would be appropriate for the chronic 
therapy of this boy? 


Regimen 

Before 

Breakfast 

Lunch 

Supper 

Bedtime 

A 

Iispro 

Iispro 

Iispro 

Glargine 

B 

Regular 

— 

— 

Iispro 

C 

NPH 

Iispro 

NPH 

Iispro 

D 

Iispro 

Regular 

— 

Regular 

E 

Glargine 

— 

— 

— 


Abbreviation: NPH, neutral protamine Hagedorn, or isophane insulin. 


Difficulty level: Medium 

15 . A 42-year-old woman recently diagnosed with lupus ery- 
thematosus started a treatment with a high daily dose of 
prednisone. The woman had a history of type 1 diabetes 
currently controlled with two daily administrations of pre- 
mixed insulin. Which of the following changes in the patient’s 
antidiabetic regimen should be made at this time? 

A. Decrease the daily insulin dosage. 

B. Increase the daily insulin dosage. 

C Add glyburide to the antidiabetic regimen. 

D. Add exenatide to the antidiabetic regimen. 

E. Add sitagliptin to the antidiabetic regimen. 


Set 

Onset of 

Peak 

Duration of 


El ect (h) 

Ef ect (h) 

El ect (h) 

A 

1-2 

6-10 

12 

B 

0.25 

2-3 

3-5 

C 

0.25 

No peak 

3-5 

D 

1-4 

6-10 

12 

E 

1-4 

No peak 

24 



Difficulty level: Easy 

16 . A 16-year-old boy suffering from type 1 diabetes was admit- 
ted to the emergency department with the chief complaint 
of severe right-sided chest pain. Two hours earlier, he felt fe- 
verish and experienced a teeth-chattering chill. The patient’s 
diabetes was well controlled on two daily administrations of 
premixed insulin. The patient was also very compliant with 
his prescribed diet. After physical examination and labo- 
ratory tests, a diagnosis of atypical pneumonia was made. 
Which of the following changes in the patient’s treatment 
should be appropriate at this time? 

A. Increase the daily insulin dosage. 

B. Start a course of ampicillin therapy. 

C Add a daily administration of chlorpropamide. 

D. Start a course of vancomycin therapy. 

E. Add a daily administration of metformin. 

Difficulty level: Easy 

17 . A 55-year-old woman suffering from type 2 diabetes had 
started treatment with metformin, but the drug was poorly 
tolerated, and her physician decided to shift to repaglinide. 
Which of the following actions most likely mediated the ther- 
apeutic effect of repaglinide in the patient’s disease? 

A. Decreased glucose absorption from the gastrointestinal 
tract 

B. Blockade of glucagon receptors 

C Blockade of (3 0 receptors in the liver 

D. Blockade of somatostatin receptors in the pancreas 

E. Stimulation of insulin release 

F. Regulation of transcription of genes involved in glucose 
utilization 

Difficulty level: Easy 

18 . An 8-year-old girl diagnosed with type 1 diabetes began treat- 
ment with insulin. Which of the following actions on lipid 
metabolism most likely occurred in this patient after start- 
ing the therapy? 

A. Increased lipid breakdown by the liver 

B. Decreased triglyceride storage in fat tissue 
C Increased triglyceride synthesis 

D. Decreased synthesis of lipoprotein lipase 

E. Increased activity of hormone-sensitive lipase 

Difficulty level: Easy 

19 . A 59-year-old man suffering from type 2 diabetes had been 
receiving an oral antidiabetic therapy that included a drug 
that closes adenosine triphosphate (ATP)-sensitive K + chan- 
nels on pancreatic (3-cell membranes. Which ofthe following 
drugs most likely uses this mechanism of action? 


A. Acarbose 

B. Insulin 

C Glyburide 

D. Metformin 

E. Exenatide 

F. Pioglitazone 

Difficulty level: Medium 

20 . A 78-year-old man was brought to the emergency room ex- 
hibiting bizarre behavior and paranoid ideation. He com- 
plained of headache, mental confusion, weakness, dizziness, 
and blurred vision. The man was suffering from type 2 dia- 
betes, which was being treated with an oral antidiabetic 
drug. Pertinent serum values on admission were creatinine 
1.8 mg/dL (normal 0.6-1. 2 mg/dL), glucose 50 mg/dL (nor- 
mal 70-1 10 mg/dL). Which of the following drugs most likely 
caused the patient’s signs and symptoms? 

A. Metformin 

B. Pioglitazone 
C Glyburide 

D. Acarbose 

E. Exenatide 

Difficulty level: Easy 

21 . A 52-year-old alcoholic man was brought unconscious to 
the emergency department. On admission, the patient was 
sweating, his body temperature was 94.5°F (34.7°C), and his 
cardiac pulse was 135 bpm. Shortly after admission, the pa- 
tient developed a tonic-clonic seizure. His wife reported the 
man was a diabetic on insulin therapy. Which of the follow- 
ing disorders most likely caused the patient’s syndrome? 

A. Hyperglycemia due to insulin resistance 

B. Hypoglycemia due to alcohol consumption 

C Ketoacidosis due to insufficient insulin therapy 

D. Hyperglycemia due to alcohol withdrawal 

E. Anaphylactic reaction to insulin 

F. Hyperosmolar coma due to alcohol overdose 

Difficulty level: Easy 

22 . A 12-year-old boy diagnosed with type 1 diabetes started a 
treatment with insulin. Which ofthe following sets of effects 
on the liver most likely contributed to the therapeutic effect 
ofthe drug in the patient’s disease? 


Set 

Qyco lysis 

Quconeo genesis 

Qyco ge no lysis 

A 

T - 

0 

1 

B 

T - 

1 

1 

C 

1 

0 

0 

D 

0 

T - 

T - 

E 

T - 

T - 

1 


Note: | , increased; [ , decreased; 0, no change. 



Difficulty level: Easy 

23 . A 56-year-old man was found to have the following serum 
values during a routine clinic visit: fasting blood glucose 
146 mg/dL (normal 70-110 mg/dL), glycated hemoglobin 
(HbAlc) 7.4%(normal 6°/fy, total cholesterol 160 mg/dL (nor- 
mal < 200 mg/dL). The patient had been suffering from type 
2 diabetes for 6 years, and his disease was well controlled 
with diet and metformin until the most recent visit. The pa- 
tient was otherwise healthy, and physical examination was 
unremarkable. All tests were confirmed in a second exam. 
Which of the following would be the most appropriate next 
step in the management of the patient’s disease? 

A. Add glyburide to the current regimen. 

B. Substitute metformin with pioglitazone. 

G Substitute metformin with repaglinide. 

D. Substitute metformin with insulin. 

E. Add lovastatin to the current regimen. 

Difficulty level: Easy 

24 . A59-year-old woman recently diagnosed with type 2 diabe- 
tes started a therapy with diet and metformin. Which of the 
following actions most likely mediated the therapeutic effect 
of the drug in the patient’s disease? 

A. Blockade of adenosine triphosphate (ATP)-sensitive K + 
channels 

B. Blockade of glucagon receptors 

C Activation of glucagon-like polypeptide- 1 (GLP-1) re- 
ceptors 

D. Activation of adenosine monophosphate (AMP)-activated 
protein kinase 

E. Inhibition of metabolism of incretin hormones 
Difficulty level: Easy 

25 . A 56-year-old woman was recently diagnosed with type 2 
diabetes. Her medical history was significant for a serious 
allergic reaction to sulfamethoxazole and for recurrent uri- 
nary tract infections presently treated with ciprofloxacin. 
An appropriate therapy was prescribed that included a strict 
diet and an oral antidiabetic drug. Which of the following 
drugs would be contraindicated for this patient? 

A. Glyburide 

B. Metformin 
C Repaglinide 

D. Acarbose 

E. Pioglitazone 


Difficulty level: Easy 

26 . A78-year-old woman with type 2 diabetes was brought un- 
conscious to the emergency department. Her husband stated 
that the woman took several pills of her antidiabetic medi- 
cation in a suicide attempt. On admission, vital signs were 
blood pressure 134/90, pulse 80 bpm, respirations 22/min. 
Laboratory data showed an anion gap of24 mmol/L(normal 
<12 mmol/L), plasma lactate of 6 mmol/L (normal 0.5-1 .5 
mmol/L), creatinine 3.2 mg/dL (normal 0. 6-1.2. 0 mg/dL), 
and arterial blood pH 7.24 (normal 7.35-7.45). Which of the 
following drugs most likely caused the patient’s signs and 
symptoms? 

A. Glucagon 

B. Metformin 
G Repaglinide 

D. Insulin 

E. Glyburide 

F. Pioglitazone 

Difficulty level: Medium 

27 . A 57-year-old obese man was diagnosed with type 2 dia- 
betes mellitus. The patient had been suffering from chronic 
obstructive pulmonary disease for 5 years and from hyper- 
tension for 3 years. His current therapy included ipratro- 
pium and captopril. Which of the following antidiabetic drugs 
would be relatively contraindicated in this patient? 

A. Acarbose 

B. Metformin 
G Sitagliptin 

D. Repaglinide 

E. Glyburide 

Difficulty level: Easy 

28 . A 5 1 -year-old man with a long history of severe type 2 dia- 
betes had been on a pharmacotherapy that involved two 
different insulin formulations. Several available insulin for- 
mulations differ from one another primarily because ofwhich 
of the following pharmacokinetic properties? 

A. Rate of absorption 

B. Elimination half-lives 
G Total clearance 

D. Volume of distribution 

E. Oral bioavailability 



Difficulty level: Easy 

29 . A 66-year-old man suffering from type 2 diabetes had been 
receiving a combination therapy with metformin and glybu- 
ride,but 2 months later lab exams indicated that the control 
of his diabetes was inadequate. His physician decided to add 
pioglitazone to the treatment regimen. Which of the follow- 
ing molecular actions most likely mediated the therapeutic 
effect of the added drug in the patient’s disease? 

A. Slowing glucose absorption from the gastrointestinal tract 

B. Blockade of K + channels in pancreatic (3-cell membranes 
C Inhibition of incretin hormone metabolism 

D. Activation of glucagon-like polypeptide- 1 (GLP-1) re- 
ceptors 

E. Activation of adenosine monophosphate (AMP)-activated 
protein kinase 

F. Regulation of transcription of genes related to glucose 
utilization 

Difficulty level: Easy 

30 . A 54-year-old man complained to his physician of an annoy- 
ing dry cough over the past few days and an unexpected 
weight gain over the past few weeks. The patient had been 
suffering from type 2 diabetes for 3 years, presently con- 
trolled with a combination of oral antidiabetic agents. Phys- 
ical examination showed evident peripheral edema, mild 
jugular venous distention, and rales on both lungs. Which 
of the following drugs most likely caused the patient’s signs 
and symptoms? 

A. Acarbose 

B. Metformin 
C Glyburide 

D. Pioglitazone 

E. Exenatide 

Difficulty level: Easy 

31 . A 65-year-old obese man was in his physician’s office for a 
routine visit. The patient had been suffering from type 2 
diabetes for 1 year, and the disease was reasonably well 
controlled with diet and metformin. Physical examination 
showed that body mass index was increased about 40%from 
the last visit, and abdominal obesity was evident. Vital signs 
of the patient were blood pressure 150/90 mm Hg, pulse 85 
bpm, respirations 14/min. Further laboratory tests showed 
the following serum values: fasting glucose 155 mg/dL(nor- 
mal 70-110 mg/dL), fasting insulin 60 IU/mL (normal 5-20 
IU/mL), total cholesterol 340 mg/dL (normal > 200 mg/dL). 
The patient was most likely suffering from which of the fol- 
lowing pathologic conditions? 


A. Lactic acidosis 

B. Hypoglycemic reaction 
C Unstable angina 

D. Diabetic ketoacidosis 

E. Insulin resistance 

Difficulty level: Medium 

32 . A 70-year-old man was admitted to the hospital because of 
anorexia, nausea and vomiting, and an unpleasant taste in 
his mouth for the past 1 2 hours. The man had been suffering 
from type 2 diabetes for 10 years and was being treated with 
metformin and sitagliptin. He also had a long history of hy- 
pertension and hypercholesterolemia, currently controlled 
with losartan, nifedipine, and lovastatin. Pertinent labora- 
tory serum levels on admission were fasting blood glucose 
115 mg/dL (normal 70-110), creatinine 3.4 mg/dL (normal 
0.6-1. 2 mg/dL), blood urea nitrogen (BUN) 42 mg/dL (nor- 
mal 7-1 8 mg/dL), high-density lipoprotein (HDL) cholesterol 
85 mg/dL (normal < 100 mg/dL). Taking into account the 
patient’s history and symptoms, which of the following drugs 
should be removed from his current therapeutic regimen? 

A. Losartan 

B. Nifedip ine 
C Lovastatin 

D. Sitagliptin 

E. Metformin 

Difficulty level: Easy 

33 . A47-year-old obese woman was found to have the follow- 
ing serum levels during a routine clinic visit: fasting blood 
glucose 122 mg/dL (normal 70-110 mg/dL), triglycerides 
390 mg/dL(normal <150 mg/dL), total cholesterol 220 mg/ 
dL(normal <200 mg/dL), glycated hemoglobin (HbAlc) 6.1% 
(normal < 6°A ). Past history of the patient was unremarkable, 
and the woman had no significant symptoms. Which of the 
following would be the most appropriate pharmacotherapy 
for this patient? 

A. Insulin 

B. Metformin 
G Miglitol 

D. Glyburide 

E. Exenatide 

Difficulty level: Easy 

34. A 7-year-old boy diagnosed with type 1 diabetes started a 
treatment with insulin. Which of the following actions on 
glucose metabolism most likely occurred in this patient after 
starting the therapy? 



A. Increased liver glucose uptake 

B. Increased glycogen synthase activity 

C Decreased glucose-6-phosphate synthesis 

D. Decreased glucokinase activity 

E. Decreased glycerol synthesis 

Difficulty level: Easy 

35 . A 62-year-old woman recently diagnosed with type 2 dia- 
betes started a therapy that included acarbose. Inhibition 
of which of the following enzymes most likely mediated the 
therapeutic effect of the drug in the patient’s disease? 

A. Pyruvate carboxylase 

B. Alpha-glucosidase 
C Glucokinase 

D. Hormone-sensitive lipase 

E. Acyltransferase 

Difficulty level: Easy 

36. A50-year-old obese woman with type 2 diabetes was found 
to have inadequate control of her disease 2 months after 
starting therapy with metformin and glyburide. The physi- 
cian decided to add exenatide to the treatment regimen. 
Which of the following molecular actions most likely medi- 
ated the therapeutic effect ofthe added drug in the patient’s 
disease? 

A. Inhibition of dipeptidyl peptidase-4 

B. Inhibition of a-glucosidase 

C Activation of adenosine monophosphate (AMP)-activated 
protein kinase 

D. Activation of glucagon-like polypeptide- 1 (GLP-1) re- 
ceptors 

E. Activation of adenosine triphosphate (ATP)-sensitive K + 
channels 

F. Phosphorylation of tyrosine kinase receptor 
Difficulty level: Easy 

37 . A 1 3-year-old boy with type 1 diabetes received his morning 
injection of a mixture of insulin lispro and glargine. A few 
hours later, he was found unconscious in his room. His heart 
rate was 120 bpm and body temperature 94.7°F (34.8°C), 
and tetanic contractions of skeletal muscles were present. 
Which of the following would be the immediate appropriate 
treatment for this patient? 

A. Regular insulin intravenous 

B. Oral glucose 

C Glucagon intramuscular (IM) 

D. Oral metformin 

E. Exenatide IM 

F. Epinephrine IM 


Difficulty level: Easy 

38 . A 63-year-old obese man complained to his physician of 
flatulence, belching, diarrhea, and abdominal pain soon after 
starting an appropriate oral therapy for type 2 diabetes. The 
disease was diagnosed after the man was found to have a 
fasting blood glucose level of 170 mg/dL, and subsequent 
lab exams revealed decreased glucose tolerance and fasting 
hyperglycemia. Which of the following drugs most likely 
caused the patient’s symptoms? 

A. Regular insulin 

B. Glyburide 
C Miglitol 

D. Metformin 

E. Repaglinide 

F. Pioglitazone 

Difficulty level: Easy 

39 . A 48-year-old obese man complained of frequent thirst and 
polyuria. His past history included serious angioedema ap- 
parently due to an allergic reaction to sulfonamide therapy. 
In the past he tried many times to control his diet without 
success. A fasting plasma glucose level was found to be 180 
mg/dL (normal 70-1 10 mg/dL). Which ofthe following would 
be an appropriate treatment for this patient? 

A. Strict dietary control 

B. Chlorpropamide 
C Metformin 

D. NPH (neutral protamine Hagedorn) insulin 

E. Insulin lispro 

Difficulty level: Easy 

40 . A 6-year-old girl diagnosed with type 1 diabetes started a 
treatment with insulin. Which of the following actions on 
protein metabolism most likely occurred in this patient after 
starting the therapy? 

A. Stimulation of protein synthesis in the liver 

B. Stimulation of protein catabolism in the liver 
C Inhibition of protein synthesis in muscle cells 

D. Increased conversion ofketo acids into amino acids 

E. Decreased amino acid transport into cells 



Answers and Explanations: V-l Drugs for Hypothalamic and Pituitary Disorders 


Questions 1-6 

1. C 

2. F 

3. J 

4. H 

5. G 

6 . B 

learning objective: Explain the molecular mechanism of act ion of 

oxytocin. 

7. B Oxytocin causes sustained contraction of uterine smooth 
muscle. Because calcium is needed to contract muscle cells, 
the activated signaling pathway must lead to increased intra- 
cellular calcium. This is brought about by a receptor-mediated 
activation of phospholipase C that splits by hydrolysis the 
phosphatidylinositol 4,5-biphosphate into two second mes- 
sengers, inositol triphosphate (IP 3 ) and diacylglycerol (DAG). 
IP 3 triggers the release of calcium from storage vesicles, 
whereas DAG activates protein kinase C, an enzyme with a 
vast array of physiological effects, including smooth muscle 
contraction. 

A, C-E Although the activation of these signaling pathways 
can in some cases cause increased intracellular calcium, the 
activation of the phosphoinositide pathway remains the most 
important trigger for intracellular calcium increase in smooth 
muscle cells. 

Learning objective: Identify the site of action of octreotide. 

8. B Octreotide is a somatostatin analogue that acts by activat- 
ing receptors located in several organs, including the pitu- 
itary, pancreas, and gastrointestinal tract, and some types of 
tumors. In this patient, octreotide activates receptors located 
on somatotroph cells of the pituitary. This activation decreases 
the release of growth hormone, thus improving the patient’s 
signs and symptoms. 

A, D, E See correct answer explanation. 

C Somatostatin receptors are also located on these cells, and 
their activation can inhibit the secretion of thyrotropin, but 
this inhibition is not the reason for the therapeutic effect of 
the drug in this patient. 

Learning objective: Identify the drugs used for controlled ovarian 

hyperstimulation. 

9. C Controlled ovarian hyperstimulation is used to stimulate 
the development of multiple ovarian follicles during a single 
cycle, resulting in the release of a larger than normal number 
of eggs that can be used for in vitro fertilization. In most cases, 


a follicle-stimulating hormone (FSH) preparation is admin- 
istered for 7 to 12 days, starting the third day after menstru- 
ation. Spontaneous ovulation during the cycle is typically 
prevented by daily subcutaneous injection of leuprolide or 
daily nasal application of nafarelin. 

A, B, D, E See correct answer explanation. 

Learning objective: Describe the adverse effects of leuprolide. 

10. D Pharmacologic therapy and surgery are both effective in 
relieving most symptoms of endometriosis. Oral contra- 
ceptives or nonsteroidal antiinflammatory drugs are recom- 
mended as first-line therapy, but gonadotropin-releasing 
hormone (GnRH) agonists can be employed in women for 
whom the first-line agents are inadequate. Leuprolide, gos- 
erelin, and nafarelin are GnRH agonists approved by the U.S. 
Food and Drug Administration for this purpose. Continuous 
administration of these drugs inhibits the release of follicle- 
stimulating hormone (FSH) and luteinizing hormone (LH) 
from the pituitary, resulting in a hypoestrogenic state. Ad- 
verse effects of the GnRH therapy are similar to those of 
menopause, and hot flushes are very common (more than 
80%with leuprolide). 

A-C, EThese are all adverse effects of estrogens. Therefore, 
they are unlikely in a hypoestrogenic patient. 

Learning objective: Identify the drug used to control flushing in 

carcinoid syndrome. 

11. D Carcinoid syndrome develops in some people with endo- 
crinologically active malignant tumors that develop from en- 
terochromaffin cells located mostly in the ileum, and (rarely) 
in other organs. Carcinoid syndrome is characterized by cu- 
taneous flushing, abdominal cramps, and diarrhea. Flushing 
is the most common and often the earliest sign, occurring 
in more than 90%of patients. The syndrome results from va- 
soactive substances, including serotonin, bradykinin, hista- 
mine, and prostaglandins, secreted by the tumor. Resection 
of primary lung carcinoid is often curative. Somatostatin can 
reduce symptoms caused by a variety of hormone-secreting 
tumors, and octreotide, a long-acting somatostatin analogue, 
is a first-line agent to control flushing in carcinoid syndrome. 
Octreotide given before surgery is also the best drug to avoid 
carcinoid crisis, a dangerous condition that can occur during 
surgery, likely due to manipulation of the tumor. It is charac- 
terized by a profound drop in blood pressure, causing shock, 
sometimes accompanied by prolonged severe flushing, bron- 
chospasm, and hemodynamic instability. 

A-C, E See correct answer explanation. 




learning objective: Outline the therapeutic use of cabergoline in 
acromegaly. 

12. D The woman was most likely suffering from acromegaly, as 
high serum levels of insulin-like growth factor 1 (IGF-1) are 
highly specific for acromegaly and correlate with clinical 
indexes of disease activity. Radiation therapy was contra- 
indicated in this patient because modern pacemakers using 
metal oxide conductors are sensitive to radiation. Dopamine 
D 2 agonists such as cabergoline have been shown to reduce 
IGF-1 and growth hormone levels in about 50%of patients 
with acromegaly, when given alone, even in patients with 
normal prolactin levels. Moreover, they enhance the action 
of somatostatin analogues such as octreotide. Therefore, they 
are often added when octreotide alone is not fully effective, 
as in this case (see high levels of IGF-1). The reason for the 
effectiveness of D 0 agonists in acromegaly is still uncertain, 
but it is notable that dopamine appears to inhibit growth 
hormone-releasing hormone (GH-RH) release, and also that 
of the anterior pituitary hormones, growth hormone is most 
similar to prolactin. 

A-C, E See correct answer explanation. 

Learning objective: Outline the diagnostic uses of thyrotropin- 
releasing hormone. 

13. B The signs and symptoms of the patient suggest she was 
affected by hypothyroidism, which is confirmed by the low 
free thyroxine (FT 4 ) serum levels. The fact that thyroid- 
stimulating hormone (TSH) was low suggests that hypothy- 
roidism was not primary (i.e., due to failure of the thyroid 
itself) but secondary (i.e., due to pituitary failure) or tertiary 
(i.e., due to hypothalamic failure). A thyrotropin-releasing 
hormone (TRH) test can be useful to clarify the diagnosis, 
although it is not often done. After TRH challenge, TSH will 
be increased if the source is hypothalamic failure, whereas it 
will not be increased in pituitary failure. 

A, C These diseases would cause primary hypothyroidism, 
as the thyroid itself cannot synthesize thyroid hormones. 

D Graves disease causes hyperthyroidism, not hypo- 
thyroidism. 

E See correct answer explanation. 

Learning objective: Outline the diagnostic uses of adrenocortico- 
tropic hormone (ACTH). 

14. CThe signs and symptoms ofthe patient suggest the diagno- 
sis of Addison disease, which in the United States is mainly 
due to idiopathic atrophy of the adrenal cortex, probably 
caused by autoimmune processes. ACTH is currently used to 
establish the diagnosis by demonstrating failure to increase 
serum cortisol levels upon administration ofthe hormone. 

A, B, D-F See correct answer explanation. 


Learning objective: Outline the therapeutic uses of vasopressin. 

15. E The patient was likely suffering from liver cirrhosis, which 
caused an acute variceal hemorrhage secondary to portal 
hypertension. Esophageal varices represent a consequence 
of collaterals that develop in cirrhosis to shunt blood from 
the portal system (which is obstructed, usually at the level 
of sinusoids) into the systemic circulation. Aconsequence of 
this is that the perfusion pressure of the hepatic artery is 
partly transmitted into the portal vein, thus increasing the 
portal pressure. Endoscopic sclerotherapy is the procedure 
of choice to control acute bleeding. Pharmacologic agents 
can also be administered to decrease portal pressure. Most 
experience has been with vasopressin, a nonselective, very 
powerful vasoconstrictor that directly constricts mesenteric 
arterioles and decreases portal venous inflow, thereby re- 
ducing portal pressure. Other drugs used for the same pur- 
pose are nonselective (3-blockers and octreotide. 

A, B Adrenaline and albuterol are (3 0 stimulants. The (3 0 re- 
ceptor-mediated vasodilation would increase, not decrease, 
hepatic blood flow. 

C, D Nifedipine and prazosin can reduce the systemic 
blood pressure but would have unpredictable effects on the 
perfusion pressure of liver arterial vessels. 

learning objective: Explain the mechanism of action of octreotide. 

16. B The diagnosis of pituitary adenoma and the high level of 
insulin-like growth factor 1 indicate that the patient was 
most likely suffering from acromegaly. Octreotide is a soma- 
tostatin analogue that effectively inhibits the secretion of 
growth hormone and represents a common treatment of 
acromegaly when radiation therapy is contraindicated or 
not effective, as in this case. 

A, D, E Somatostatin does not have these effects 

C Somatostatin can inhibit insulin release, but this is not the 
cause ofthe therapeutic effect ofthe drug in acromegaly. 

Learning objective: Describe the adverse effects of somatropin. 

17. A Arthralgias are the most common adverse effects of so- 
matropin therapy in adults, being present in up to 23% of 
patients. They are likely related to the stimulation of chon- 
drogenesis and skeletal growth that is mediated by insu- 
lin-like growth factor 1. 

B-E Growth hormone tends to cause actions opposite to 
those listed. 




learning objective: Explain the mechanism of action of chorionic 

gonadotropin when used to treat oligospermia. 

18. A Human chorionic gonadotropin (hCG) is produced by 
human placenta and extracted from the urine of pregnant 
women. The structure and actions of hCG are practically 
identical to those of luteinizing hormone, the hormone that 
in men stimulates the Leydig cell secretion of testosterone, 
which is needed for normal growth and division of germinal 
cells in forming sperm. 

BThe drug is not a testosterone agonist. 

C The hypothalamic secretion of gonadotropin-releasing 
hormone is inhibited by testosterone. 

D The production of prostatic fluid is stimulated by di- 
hydrotestosterone. 

E The mitotic activity of Sertoli cells is stimulated by 
follicle-stimulating hormone. 

Learning objective: Outline the therapeutic uses of goserelin. 

19. B Goserelin is a synthetic analogue of naturally occurring 
gonadotropin-releasing hormone (GnRH). The hormone is 
physiologically released in pulses that vary in frequency in 
different phases of the menstrual cycle and control the syn- 
thesis and release of follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH) in both women and men. Because 
the release of GnRH is pulsatile, the secretion of FSH and LH 
is also pulsatile, which is essential for the maintenance of 
normal ovulatory menstrual cycles and the normal produc- 
tion of sperm. However, when given continuously (or as a 
depot preparation), GnRH inhibits the release of FSH and LH 
in both men and women. This inhibition causes suppression 
of ovulation in women and cessation of testicular androgen 
synthesis in men. The synthetic analogues of GnRH are cur- 
rently used alone or in combination with an antiandrogen 
in the pharmacotherapy of advanced prostate cancer. 

A, C-E See correct answer explanation. 

Learning objective: Outline the adverse effects of octreotide. 

20. A A major undesirable effect that can occur as a result of 
octreotide therapy is reduction of bile production and gall- 
bladder contractility, which leads to increased viscosity of 
bile and increased incidence of gallstones. This can occur in 
up to 30%of patients after 6 months of treatment. 

B The drug does not efficiently cross the blood-brain bar- 
rier, so drowsiness is unlikely. 

C Because the drug can inhibit insulin secretion, hypogly- 
cemia is rare. 

D The drug can inhibit thyrotropin secretion, which can 
lead to hypothyroidism. This in turn can lead to cold, not 
heat, intolerance. 

E In patients with carcinoid tumor, the drug can effec- 
tively reduce, not cause, flushing. 


Learning objective: Identify the drug to be used to treat preco- 
cious puberty. 

21. F True precocious puberty is the most frequent endocrine 
symptom of hypothalamic disease. The pathophysiology of 
the disorder is related to an activation of the hypothalam- 
ic-pituitary-gonadal axis. The therapy is to suppress pitu- 
itary gonadotropin secretion until an appropriate age for 
normal puberty to begin. Continuous administration of a 
gonadotropin-releasing hormone (GnRH) analogue such as 
leuprolide (intravenous infusion or depot formulation) in- 
hibits follicle-stimulating hormone and luteinizing hormone 
secretion (due to receptor desensitization or downregula- 
tion) and will shut down the stimulation of ovarian function. 
The treatment is fully reversible, and normal function will 
resume when therapy is stopped. 

A-E See correct answer explanation. 

learning objective: Identify the drug that acts as a gonadotropin- 
releasing hormone (GnRH) antagonist. 

22. A Degarelix is a synthetic decapeptide that functions as 
competitive antagonist at GnRH receptors. It reduces con- 
centrations of gonadotropins and androgens more rapidly 
than GnRH agonists and avoids the initial testosterone surge 
seen with those drugs. Degarelix is approved for the treat- 
ment of symptomatic advanced prostate cancer. 

B-E See correct answer explanation. 

Learning objective: Identify the drug used to treat Turner 

syndrome. 

23. B Treatment with growth hormone (somatropin) has been 
shown to have a strong beneficial effect on final height in 
girls with Turner syndrome, the most common sex chromo- 
some anomaly in females. Continuous chronic treatment of 
these girls can increase the mean stature by 10 to 12 cm. 

AOxandrolone can increase the growth rate in girls with 
Turner syndrome, but the increase is limited (5 cm), and the 
drug is not currently used to treat Turner syndrome. 

C-F All of these drugs are useless, or even dangerous, in 
Turner syndrome. 

Learning objective: Outline the therapeutic uses of mecasermin. 

24. C Laron syndrome (also called Laron dwarfism) is an auto- 
somal recessive disorder characterized by growth hormone 
insensitivity (also referred to as primary insulin-like growth 
factor 1 [IGF-1] deficiency) caused by a variant of growth 
hormone receptor. Because of this, growth hormone serum 
levels are normal or increased, but the hormone is ineffec- 
tive. A major consequence of this insensitivity is extremely 
low serum levels of IGF-1, leading to severe impairment 
of growth. Recently, recombinant IGF-1 (mecasermin) was 




approved by the U.S. Food and Drug Administration for 
dwarfism due to growth hormone insensitivity. Although 
the number of children treated with the drug is low (the dis- 
ease is very rare), all data show a good increment of growth 
rate with mecasermin during the first year of treatment. 

A, B, D, E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of antidiuretic 
hormone (ADFI) antagonists. 

25. E The patient was most likely suffering from syndrome of 
inappropriate antidiuretic hormone secretion (SIADH), a 
disorder characterized by low serum osmolality, high urine 
osmolality with respect to serum, and hypervolemic (or 
sometimes normovolemic) hyponatremia. SIADH is caused 
by an increased secretion of ADH, which is associated with a 
myriad of disorders, including malignancy, intracranial pa- 
thology (encephalitis, meningitis, subarachnoid hemorrhage, 
etc.), hormonal deficiency states (adrenal and thyroid in- 
sufficiency), and metabolic diseases (acute intermittent 
porphyria). The exact mechanism whereby these disorders 
provoke an increase in concentration of ADH is uncertain, 
but this patient was suffering from small-cell lung cancer, 
which is known to synthesize ADH de novo. Treatment mo- 
dalities of SIADH depend on the underlying cause. In cases 
where this cause is untreatable, water restriction and ADH 
antagonists (conivaptan and tolvaptan) are the treatment of 
choice. These drugs block vasopressin receptors, causing re- 
versible nephrogenic diabetes insipidus. 

A, B These diuretics tend to cause hyponatremia and are 
therefore contraindicated in SIADH. 

C ADH agonists (vasopressin and desmopressin) are con- 
traindicated, as the syndrome is caused by an excessive ADH 
secretion. 

D Glucocorticoids are useless, as SIADH secretion is not due 
to adrenal insufficiency (see the normal serum levels of K + ). 

Learning objective: Describe the therapeutic use of octreotide in 
acromegaly. 

26. D The patient’s signs and symptoms indicate that he was 
affected by acromegaly due to pituitary adenoma, which is 
the cause of the disease in virtually all patients affected by 
acromegaly. Somatostatin can reduce growth hormone (GH) 
levels and symptoms in acromegaly, and octreotide (a soma- 
tostatin analogue) is frequently used for this purpose. The 
drug is 40 times more potent than somatostatin in blocking 
GH secretion but only twice as potent in blocking insulin se- 
cretion, and is therefore more suitable than the natural hor- 
mone to treat acromegaly. 

A-C, E See correct answer explanation. 


Learning objective: Outline the therapeutic uses ofpegvisomant. 

27. A The high serum levels of insulin -like growth factor 1 (IGF- 
1) are highly specific for acromegaly and correlate with clin- 
ical indices of disease activity. They are the simplest way to 
monitor the response to therapy, as they do not fluctuate like 
growth hormone levels do. The fact that IGF-1 levels are 
still elevated in this patient indicates that the therapy with 
octreotide was not completely effective. Pegvisomant is a 
growth hormone receptor antagonist. The drug is particu- 
larly useful in patients resistant to somatostatin analogues 
because it has been shown that it can normalize the high 
serum levels of IGF-1 in these patients. 

B-E See correct answer explanation. 

Learning objective: Identify the drug used to treat prolactinoma. 

28. FThe signs and symptoms of the patient indicate that she is 
most likely affected by prolactinoma, the most common se- 
cretory tumor in the pituitary. Dopamine agonists such as 
cabergoline and bromocriptine are widely used as first-line 
agents. By activating D 2 receptors in the pituitary, these 
drugs mimic the effect of dopamine to inhibit the secretion 
of prolactin. They can restore abnormal menstrual function 
in up to 90%of women, shrink prolactinomas, and improve 
galactorrhea and tumor-associated headache. 

A-E See correct answer explanation. 

Learning objective: Identify the enzyme whose synthesis is pro- 
moted by follicle -stimulating hormone (FSH). 

29. EFollitropin alfa is recombinant follicle-stimulating hormone 
(FSH). It activates specific receptors that act via the adenylyl 
cyclase pathway to stimulate the granulosa cells of the ovary 
to produce aromatase. This enzyme (also called estrogen 
synthase) is a key step in biosynthesis of estrogens. It con- 
verts androstenedione to estrone and testosterone to estra- 
diol. A“step-up” protocol of ovulation induction mimics the 
natural menstrual cycle. Increasing doses of FSH are given 
during the first half of the cycle to promote follicular devel- 
opment. Then an injection of human chorionic gonadotropin 
is administered to simulate the luteinizing hormone surge 
that naturally occurs in midcycle and triggers ovulation. 

A-D See correct answer explanation. 




learning objective: Describe the therapeutic use of octreotide in 
vipoma tumor. 

30. D Octreotide is a somatostatin analogue. When given in 
pharmacological amounts, somatostatin inhibits virtually all 
exocrine and endocrine secretions of the pancreas (insulin, 
glucagon, and pancreatic enzymes), stomach (gastrin), and 
intestine (secretin, motilin, vasoactive intestinal polypeptide 
[VIP], gastric inhibitory polypeptide [GIP], and serotonin), as 
well as secretion of growth hormone, thyroid-stimulating 
hormone, parathyroid hormone, calcitonin, and adrenocor- 
ticotropic hormone. Because of this, octreotide is used to 
reduce symptoms caused by a variety of hormone-secreting 
tumors. Vipoma is a rare VIP-secreting tumor of non-(3 pan- 
creatic islet cells, causing a syndrome of prolonged, massive 
watery diarrhea, hypokalemia, and achlorhydria (WDHA 
syndrome). Octreotide effectively controls the diarrhea in 
most patients, but large doses may be needed. 

A-C, E, F See correct answer explanation. 

learning objective: Outline the therapeutic uses of desmopressin. 

31. C Polyuria and nocturia, with low urine osmolality, suggest 
the diagnosis of diabetes insipidus (DI). The previous basal 
skull fracture indicates that the DI is most likely related to 
a trauma of the pituitary stalk, and the undetectable serum 
antidiuretic hormone (ADH) levels confirms that the DI is 
neurogenic in nature. Desmopressin is the agent of choice in 
this disease. Unlike vasopressin, its vasoconstricting activity 
is negligible, as it activates only V 0 receptors. 

A Thiazide diuretics paradoxically reduce polyuria both in 
central and nephrogenic DI (likely because of volume con- 
traction, leading to enhanced proximal reabsorption), but 
they are not used in central DI, where a much better thera- 
peutic choice exists. 

BAmiloride is effective only in lithium-induced DI. 

D, E Carbamazepine and chlorpropamide are ADH-releas- 
ing drugs used only when ADH secretion is not completely 
abolished (partial neurogenic DI) or when the patient can- 
not tolerate exogenous ADH. 

Learning objective: Identify the main site of distribution of 
somatropin. 

32. C Somatropin is a peptide hormone that is usually admin- 
istered subcutaneously. Its molecular weight indicates that 
it is sufficiently small to be absorbed from the injection 
site by bulk flow transport and to leave the blood by the 
same transport system. However, it is too big to cross cell 


membranes. Therefore, it distributes primarily in the extra- 
cellular fluid. This is also indicated by the volume of distri- 
bution of the drug that is about 12 L. 

A, B, D, E See correct answer explanation. 

foaming objective: Describe the use of vasopressin in the treat- 
ment ofvasodilatory shock. 

33. E The patient’s poor response to norepinephrine suggests 
that she was most likely suffering from septic shock that 
was catecholamine-resistant. Septic shock is a vasodilatory 
shock, and sepsis is a common cause ofthe disorder. Vasodi- 
latory shock is characterized by low arterial blood pressure 
due to decreased systemic vascular resistance. Catechol- 
amines are first-line agents for the therapy of vasodilatory 
shock, but loss of adrenergic sensitivity can occur due to 
multiple mechanisms, including downregulation of adreno- 
ceptors, impairment of postreceptor signal pathways, and 
excessive production of nitric oxide and other inflamma- 
tory mediators. Mortality rates of vasodilatory shock are 
excessively high, and if the shock becomes catecholamine- 
resistant, mortality can be near 100% Recently, several inves- 
tigators have demonstrated that vasopressin can successfully 
stabilize hemodynamics even in advanced vasodilatory shock, 
and current guidelines suggest that vasopressin should be 
reserved for patients in whom adequate hemodynamic sta- 
bilization cannot be achieved with conventional therapy, as 
in this case. 

A, C, D Because the shock is catecholamine-resistant, the 
use of these drugs may be dangerous by causing significant 
catecholamine toxicity. 

B Desmopressin has negligible vasoconstricting activity 
because it activates only V, receptors. 
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Answers and Explanations: V-2 Drugs for Thyroid Disorders 


Questions 1-3 

1. A 

2. F 

3. D 

Learning objective: Identify the serum level of free thyroxine (FT 4 ) 
and thyroid-stimulating hormone (TSH, thyrotropin) in a patient 
without functional thyroid after a few days of triiodothyronine 
treatment. 

4. D Myxedema coma is a rare but serious consequence of 
long-standing uncorrected hypothyroidism. Despite aggres- 
sive therapy with large doses of thyroid hormones, mortality 
rates of 60 to 70% are common. Whether levothyroxine or 
triiodothyronine (T 3 ) is the drug of choice in myxedema coma 
is controversial. Although triiodothyronine is potentially more 
cardiotoxic, it is sometimes preferred because its more rapid 
onset can reverse coma faster and because deiodinase activity 
is markedly reduced in myxedema, thus impairing conver- 
sion of T 4 to T 3 . In this patient, after a few days of triiodothy- 
ronine therapy, serum T 4 levels are low because ofthe disease, 
and thyrotropin (TSH) levels are low because of triiodothy- 
ronine negative feedback. 

A-C See correct answer explanation. 

Learning objective: Identify the drug used first to treat levothy- 
roxine poisoning. 

5. B The patient’s symptoms and the lab results indicated that 
he was suffering from drug-induced severe hyperthyroidism. 
A leading cause of death in thyroid hormone excess is related 
to the cardiovascular effects that can cause arrhythmias and 
acute myocardial ischemia due mainly to thyroid hormone- 
induced increased sensitivity ofthe sympathetic nervous sys- 
tem. Administration of a (3-blocker can promptly counteract 
cardiovascular symptoms and may be lifesaving. 

A, C, D All of these drugs are used in severe thyroid hormone 
excess from any cause, but the administration of a (3-blocker 
must be done first. 

E Radioactive iodine is not an emergency therapy. 


Learning objective: Identify the correct percentage of levothy- 
roxine (T 4 ) bound to plasma proteins. 

6. E Most circulating T 3 and T 4 are bound to plasma proteins 
(about 75%to thyroxine-binding globulin, the rest to prealbu- 
min and albumin). Only 0.4%T 3 and 0.04%T 4 are free. There- 
fore, the bound hormones represent a huge reservoir, which 
explains why, in a person with the thyroid gland destroyed 
by radioactive iodine, it takes 3 months to 1 year after radio- 
active treatment before hypothyroidism occurs, even though 
radioactive iodine disrupts hormone synthesis in a few days. 

A-D See correct answer explanation. 

Learning objective: Identify the drug used in a newborn baby with 
neonatal hypothyroidism. 

7. CThe signs and symptoms ofthe baby suggest that he is suf- 
fering from neonatal hypothyroidism, which occurs in about 
1/4000 live births. The most frequent cause is congenital ab- 
sence of the thyroid gland, which requires lifelong therapy. 
Treatment with levothyroxine must be started immediately 
and closely monitored. 

A, B, D-F See correct answer explanation. 

Learning objective: Identify the drug used in thyroid storm in an 
asthmatic patient. 

8. A The signs and symptoms ofthe patient and the lab exams 
indicate that she is suffering from thyroid storm, a life-threat- 
ening syndrome characterized by the abrupt onset of the 
more florid symptoms of hyperthyroidism . An emergency 
treatment is mandatory and usually includes propranolol to 
control hypertension and tachycardia. When propranolol is 
contraindicated, as in this case, calcium channel blockers with 
cardiac activity (diltiazem or verapamil) can be used. 

B Radioactive iodine can be used for the long-term man- 
agement of the disease but is not a drug for the emergency 
treatment of thyroid storm. 

C-F See correct answer explanation. 




Learning objective: Describe the treatment of thyrotoxicosis 
during pregnancy. 

9. E The patient’s FT 4 (free thyroxine) and TSH (thyrotropin) 
levels indicate that she was suffering from thyrotoxicosis. 
Either surgery or thioamide is the treatment of choice for 
hyperthyroidism in a pregnant patient. When antithyroid 
drug therapy must be used during pregnancy, propylth- 
iouracil is the preferred thioamide during the first trimester 
because it crosses the placenta much less than methimazole 
does, and because a rare embryopathy was associated with 
methimazole. Subsequently, methimazole should be pre- 
scribed to avoid the rare but serious potential hepatic dam- 
age associated with propylthiouracil. 

ARadioactive iodine is contraindicated during pregnancy. 

B Octreotide is a somatostatin analogue. It is used only 
in rare cases of hyperthyroidism due to a pituitary adenoma 
secreting TSH (thyrotropinoma). This is not the case in this 
patient, as TSH was very low. 

C Iodine compounds are not used for routine treatment 
of hyperthyroidism. Low doses of iodine have been used in 
pregnancy, but only when all other approaches are contra- 
indicated. 

D Methyldopa is used during pregnancy only in hyperten- 
sive patients. 

F Beta-blockers are used in hyperthyroidism, but esmolol 
has a very short half-life and therefore is not suited for 
chronic use. 

Learning objective: Explain the mechanism of action of levo- 
thyroxine. 

10. CLevothyroxine (T 4 ) can activate a specific thyroid hormone 
(TH) receptor that is located in the nucleus of most body 
cells. This action in turn leads to activation or repression of 
transcription of specific genes, which ultimately mediate 
excitatory or inhibitory responses. 

A, E By definition, an agonist is a drug that binds to a 
receptor and activates it. Levothyroxine does not activate 
thyroid-stimulating hormone (TSH) or thyrotropin-releasing 
(TRH) receptors. 

B, D, F By definition, a receptor antagonist is a drug that 
binds to a receptor and blocks receptor actions. Levothyrox- 
ine does not block TH, TSH, or TRH receptors. 

learning objective: Identify the cell target of thyroid hormones. 

11. D Thyroid hormones are transported into the target cells by 
a specific transport system. Within the cytoplasm, levothy- 
roxine (T 4 ) is converted to T 3 and moves into the nucleus, 
where it binds to the thyroid receptor. The binding displaces 
a bound corepressor and binds a coactivator to the receptor 
complex. The receptor-coactivator complex modulates gene 
transcription. 

A-C, E, F See correct answer explanation. 


Learning objective: Identify the drug that can cause agranulocyto- 
sis in a patient with hyperthyroidism. 

12. CThe patient’s very low white blood cell count indicates that 
she was suffering from agranulocytosis, a potentially lethal 
adverse effect ofthioamide antithyroid drugs, such as methi- 
mazole and propylthiouracil. Agranulocytosis occurs in 0.3 
to 0.6%of patients treated with these drugs, but the risk is 
increased in older patients. The mechanism of agranulocy- 
tosis is still unknown, and both allergic and toxic-type reac- 
tions have been suggested. The disease is usually rapidly 
reversible if the drug is promptly discontinued, and colony- 
stimulating factors may hasten the recovery of granu- 
locytes. 

A, B, D, E These drugs have a negligible risk of agranu- 
locytosis. 

Learning objective: Identify the drug that causes toxic hepatitis. 

13. CThe patient’s history, signs, and symptoms suggest that she 
was most likely suffering from propylthiouracil-induced 
toxic hepatitis. More than 900 drugs have been implicated 
in causing liver injury, but propylthiouracil, isoniazid, halo- 
thane, valproate, and certain antipyretics (acetaminophen, 
diclofenac, and indomethacin) are among the drugs most 
frequently involved in acute hepatocellular toxicity. Prop- 
ylthiouracil-induced toxic hepatitis occurs in about l%of 
treated patients, is always severe, and can be lethal. The U.S. 
Food and Drug Administration has added a black box warn- 
ing to the label of propylthiouracil. 

A Methimazole-induced liver injury is extremely rare. In 
addition, propylthiouracil is preferred over methimazole in 
the first trimester of pregnancy because it crosses the pla- 
centa much less than methimazole. 

B, D, E Liver injury with these drugs is negligible. 

learning objective: Explain the mechanism of action ofthioamide 

antithyroid drugs. 

14. E Methimazole and propylthiouracil are thioamides used as 
antithyroid agents. These drugs inhibit thyroid peroxidase, 
the enzyme that catalyzes the following three steps in thy- 
roid hormone biosynthesis: 

• Oxidation of iodide to iodine 

• Iodination of tyrosine residues within thyroglobulin (io- 
dide organification) 

• Combination of two diiodotyrosines (DITs), leading to T 4 , 
and combination of monoiodotyrosine (MIT) and DIT, 
which leads to T 3 . 

By blocking the enzyme, the synthesis of thyroid hormones 
is blocked. 

In addition, propylthiouracil and, to a lesser extent, methi- 
mazole inhibit the peripheral deiodination of T 4 and T 3 . 

A-D See correct answer explanation. 




learning objective: Identify the signs and symptoms of hyper- 
thyroidism. 

15. CThe patient’s history and the low thyroid-stimulating hor- 
mone (TSH) value indicate that the patient was suffering 
from subclinical hyperthyroidism, which is defined as a low 
level of TSH in conjunction with normal thyroid hormone 
levels. The disorder can occur in many patients taking levo- 
thyroxine because of inappropriate adjustment of the daily 
hormone dose. Patients with subclinical hyperthyroidism 
are usually asymptomatic or present only a few specific 
symptoms (i.e., insomnia), as in this case. An excess of thy- 
roid hormones can cause significant alteration in cardio- 
vascular function. At rest, peripheral vascular resistance is 
decreased, which explains the decreased diastolic pressure, 
whereas systolic pressure is increased due to increased heart 
rate and cardiac output. 

A, B, D-F Levothyroxine excess tends to cause effects op- 
posite to those listed. 

learning objective: Describe the adverse effects of excessive doses 
of levothyroxine. 

16. B Atrial fibrillation is the most common cardiac complica- 
tion of hyperthyroidism, affecting 10 to 25%of hyperthyroid 
patients. The disorder seems to be due, at least in part, to 
hyperthyroidism-induced increased sensitivity of the auto- 
nomic nervous system. Both sympathetic and parasympa- 
thetic impulses can increase automaticity and conduction in 
atrial myocytes, thus triggering atrial fibrillation. Because 
it is known that cardiac fibrosis (which increases with age) is 
the most common cause of atrial fibrillation, the disorder is 
seen more frequently in elderly hyperthyroid patients, as in 
this case. 

A, C-E All of these disorders can cause tachyarrhythmias, 
but they are very rarely associated with hyperthyroidism. 

learning objective: Identify the enzyme that is inhibited by thio- 
amides such as methimazole. 

17. D Thioamides such as methimazole inhibit thyroid peroxi- 
dase, the enzyme that oxidizes iodide to a reactive interme- 
diate that couples with tyrosine in the initial step of thyroid 
hormone synthesis (iodide organification). The enzyme also 
catalyzes monoiodotyrosine and diiodotyrosine coupling to 
form T 3 and T 4 

A This enzyme catalyzes the proteolysis of thyroglobulin. 

B This enzymes catalyzes the relaxation of supercoiled 
RNA. 

C This enzyme converts some T 4 into T 3 in the follicular 
cell. 

E This enzyme is a glycolytic enzyme found mainly in thy- 
roid tumors. 


Learning objective: Identify the drug and administration route 
used to treat myxedema coma. 

18. D The signs and symptoms of the patient suggest she is af- 
fected by myxedema coma, a life-threatening complication 
of long-standing hypothyroidism. Factors that can precipi- 
tate the disorder are exposure to cold, illness, trauma, and 
drugs that are central nervous system depressants, as in 
this case. Emergency treatment is imperative, as the condi- 
tion is rapidly fatal. A large dose of T 4 (levothyroxine) or T 3 
(triiodothyronine) should be given intravenously. 

A, B, E These drugs are absolutely contraindicated in 
hypothyroidism. 

C T 4 can be given, but the intravenous route is mandatory. 

learning objective: Describe the main symptoms of drug-induced 
hypothyroidism. 

19. EThioamide antithyroid drugs such as methimazole are cur- 
rently used to treat hyperthyroidism, but excessive doses of 
these drugs can shift a hyperthyroid patient to a hypothy- 
roid one, as in this case. Constipation is a common symptom 
of hypothyroidism. 

A-D All of these are symptoms of hyperthyroidism and 
therefore unlikely after an excessive dose of methimazole. 

learning objective: Explain the mechanism of action of thyroid 
hormones. 

20. A Most of the effects of thyroid hormones appear to be me- 
diated by activation of nuclear receptors that lead to activa- 
tion or repression of transcription of specific genes. Large 
numbers of thyroid hormone receptors are found in most 
tissues. Although genomic actions of thyroid hormones pre- 
dominate, nongenomic actions of thyroid hormones have 
also been observed, including enhancement of mitochon- 
drial oxidative phosphorylation, as well as actions on ion 
channels, second messengers, and protein kinases. 

B-D Thyroid hormones have actions opposite to those 
listed. 

E Plasma catecholamine levels are not changed by thyroid 
hormones, but these hormones raise the sensitivity of tis- 
sues to the action of catecholamines. 

Learning objective: Identify the drug used in treating hypo- 
thyroidism. 

21. CThe patient’s signs and symptoms indicate that she was 
most likely suffering from hypothyroidism, and lab results 
confirmed that the disorder was due to Hashimoto thyroid- 
itis. In most cases, high levels of antibodies to thyroid perox- 
idase are diagnostic for this disease. Hashimoto thyroiditis is 
likely the most common cause of hypothyroidism in North 
America. The treatment usually requires lifelong replace- 
ment therapy with thyroid hormones. 

A, B, D, E See correct answer explanation. 




learning objective: Outline the emergency pharmacotherapy of 
thyroid storm. 

22. E Thyroid storm (also called thyrotoxic crisis) is a life- 
threatening syndrome due to a sudden increase in all of the 
symptoms of hyperthyroidism. The management of thyroid 
storm must be aggressive and fast. Treatment includes four 
drugs: propylthiouracil (which blocks hormone synthesis 
and the peripheral conversion of T 4 to T 3 ), potassium iodide 
(which blocks hormone synthesis and inhibits the release of 
hormones from the thyroid gland), hydrocortisone (which 
protects the patient against shock and inhibits the periph- 
eral conversion of T 4 to T 3 ), and propranolol (which an- 
tagonizes the severe cardiovascular manifestations of the 
syndrome). The treatment can restore the normal concen- 
tration of triiodothyronine in 24 to 48 hours. 

A, D Methimazole can be used (although propylthiouracil is 
a better choice, because methimazole does not block the con- 
version of T 4 to T 3 ), but diltiazem, atenolol, esmolol, and ver- 
apamil are useless, as the patient was receiving propranolol. 

B Because fever is almost always present in thyroid storm, 
antipyretics are indicated, but salicylates should be avoided 
because they compete with T 3 and T 4 for binding to thyrox- 
ine-binding globulin, thus increasing free hormone levels. 

C Radioactive iodine is contraindicated because it can in- 
crease thyroid hormone release from degenerating follicles 
in the first days after treatment. Dexamethasone is useless, 
as the patient was receiving a glucocorticoid. 

Learning objective: Identify the transporter that carries iodide 
ions through the apical membrane of thyroid follicular cells. 

23. C Iodide ions are carried through the apical membrane of 
thyroid follicular cells by a secondary active CE/iodide anti- 
porter called pendrin that exchanges one iodide ion with a 
chlorine ion. 

A, B, D, E See correct answer explanation. 

Learning objective: Identify the most likely disease in a patient 
with low thyroid-stimulating hormone (TSH) and low thyroid 
hormones. 

24. D The low levels of both thyroid hormones and TSH indicate 
that the patient was suffering from secondary hypothyroid- 
ism, which occurs when the pituitary produces insufficient 
TSH or the hypothalamus produces insufficient thyrotropin- 
releasing hormone (TRH; this insufficiency is sometimes 
termed tertiary hypothyroidism).The fact that a computed 
tomography scan confirmed the diagnosis indicates that the 
patient’s hypothyroidism was due to a pituitary tumor that 
caused TSH deficiency. 


A, C, E In hypothyroidism due to diseases of the thyroid, 
such as Hashimoto thyroiditis, myxedema, or papillary thy- 
roid cancer, TSH levels are usually high, not low. 

B In Graves disease, thyroid hormone levels are high, not 
low. 

learning objective: Explain why it is essential to maintain mater- 
nal euthyroidism during pregnancy. 

25. D Congenital hypothyroidism, abnormal fetal development, 
and impaired cognitive development in the newborn have 
been attributed to maternal hypothyroidism. A delay in both 
mental and motor development was observed in children 
who were born to mothers with low circulating thyroid hor- 
mone levels but normal thyroid-stimulating hormone (TSH, 
thyrotropin) levels during the first trimester of pregnancy. 
This is because early development of the fetal brain depends 
on maternal levothyroxine. Most women with primary hy- 
pothyroidism will require about 30 to 50% increment in 
hormone dosage to maintain euthyroidism during pregnancy. 
Explanations for this increment include the pregnancy- 
induced increase in thyroid-binding proteins and an in- 
creased volume of distribution during pregnancy. 

A-C Maternal hypothyroidism can be associated with ex- 
cessive weight gain, preeclampsia, or even myxedema coma, 
but these are very rare events, and to avoid these disorders 
is not the main reason for the increased dosage of thyroid 
hormone during pregnancy. 

E Human chorionic gonadotropin has significant TSH ac- 
tivity, but this has nothing to do with the reason for the in- 
creased dosage of thyroid hormone during pregnancy. 

Learning objective: Outline the therapeutic uses of potassium 
iodide. 

26. CPotassium iodide is often used for the preoperative prepa- 
ration of patients undergoing thyroidectomy because it de- 
creases the vascularity and fragility of a hyperplastic gland. 

When there is chronic iodine deficiency, more iodine 
needs to go to the thyroid to maintain production of thy- 
roid-stimulating hormone (T 4 ) at the required levels. To do 
this, the blood flow to the gland must be increased, and the 
thyroid cells must increase in number. These actions are pro- 
moted by TSH, whose production is increased, making the 
gland hyperplastic. When iodine supply is restored, the feed- 
back mechanism is no longer needed, and vascularity and 
fragility of the gland decrease. There is convincing evidence 
of decreased thyroid blood flow from iodine treatment. How- 
ever, whether this decrease results in any additional benefits 
at surgery is still controversial. 

A, B, D, E See correct answer explanation. 




learning objective: Identify the drug used for thyroid ablation. 

27. B Treatment of hyperthyroidism includes antithyroid drugs, 
surgical thyroidectomy, or destruction of the gland with 
radioactive iodine. When antithyroid drugs are contraindi- 
cated, as in this case, or when the disease is severe, radio- 
active iodine is currently the treatment of choice. 

A Thioamide antithyroid drugs (propylthiouracil and 
methimazole) can cause neutropenia and agranulocytosis 
and are therefore contraindicated in this patient because of 
propylthiouracil-induced neutropenia. 

C-E These drugs can be used to control symptoms of hy- 
perthyroidism but are not suitable for the long-term man- 
agement of the disease. 

learning objective: Explain why levothyroxine is used instead of a 
racemic mixture in thyroid replacement therapy. 

28. CThe use of the levo isomer of thyroxine is an example of 
the stereo selectivity of drugs. More than one half of all use- 
ful drugs are chiral molecules. Chirality (also called stereo- 
isomerism) means that drugs can exist as enantiomer pairs; 
that is, they have asymmetric centers. A racemic mixture is 
a mixture of these enantiomers. In most cases, one of these 
enantiomers (dextro or levo) has greater affinity for the re- 
ceptors than its mirror image; it fits better to the receptor 
molecule. However, most studies of clinical efficacy of drugs 
have been carried out with racemic mixtures of the drug 
rather than with separate enantiomers. Therefore, only a 
small percentage of the chiral drugs used clinically are mar- 
keted as the active isomers. The receptor affinity of levothy- 
roxine is about 25 times higher than that of dextrothyroxine, 
and this is the reason why the levo isomer is used clinically. 

A, B, D, E See correct answer explanation. 

learning objective: Describe the appropriate therapeutic manage- 
ment of a hypothyroid patient on amiodarone therapy. 

29. E Chronic treatment with amiodarone can cause hyper- or 
(more often) hypothyroidism because the drug is rich in 
iodine. When amiodarone is metabolized by the liver, iodine 


molecules are released and can exert pharmacological ef- 
fects. In general, the resulting hypothyroidism is mild, as in 
this case, and it disappears in a few days when the drug is 
withdrawn. 

A, C When hypothyroidism is caused by drugs, the first 
procedure is to stop the offending agent. Thyroid hormones 
can be given later if symptoms persist. 

B Potassium iodide can block thyroid hormone release. 
Therefore, it is contraindicated in hypothyroidism. 

D Metformin does not affect thyroid function. 

foaming objective: Identify the drug used to treat subclinical 
hypothyroidism. 

30. E The woman was most likely affected by subclinical hypo- 
thyroidism, which is defined as elevated thyroid-stimulating 
hormone (TSH) in the presence of normal thyroid hormone 
levels. The prevalence of subclinical hypothyroidism is 4 to 
1 0%but can increase to 26%in the elderly population, partic- 
ularly women. The risk of developing overt hypothyroidism 
is related to the level ofTSH and is increased in patients with 
positive antibodies, as in this case. Treatment of subclinical 
hypothyroidism is controversial, but thyroid replacement 
appears reasonable in asymptomatic patients with levels 
greater than 10 mU/L and in those with positive thyroid 
antibodies. 

A-D, F See correct answer explanation. 
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Answers and Explanations: V-3 Corticosteroids and Antagonists 


Questions 1-5 

1 D 

2. L 

3. E 

4. A 

5. H 

learning objective: Describe the long-term adverse effects of 

glucocorticoids. 

6. F Myasthenia gravis is an autoimmune disease that destroys 
acetylcholine receptors at the neuromuscular junction. Ther- 
apy includes cholinesterase inhibitors to relieve symptoms 
and corticosteroids, immunosuppressive drugs, and thymec- 
tomy to interfere with autoimmune pathogenesis. The pa- 
tient’s signs and symptoms indicate that his treatment most 
likely included a glucocorticoid, such as dexamethasone. Glu- 
cocorticoids can cause heartburn (because of the increased 
gastric secretion and decreased prostaglandin biosynthesis), 
hypocalcemia (by decreasing intestinal absorption and in- 
creasing renal Ca 2+ excretion), and hyperglycemia (by stimu- 
lating glycogen synthesis and gluconeogenesis). 

A, EFludrocortisone and testosterone are not used for treat- 
ing myasthenia gravis. 

B-D Edrophonium, azathioprine, and neostigmine are used 
for treating myasthenia gravis, but they do not cause the symp - 
toms reported by the patient. 

Learning objective: Describe the long-term effects of glucocorti- 
coids on serum ion values. 

7. B Glucocorticoids lower Ca 2+ absorption by the gut and increase 
Ca 2+ excretion by the kidney. Therefore hypocalcemia is an ex- 
pected adverse effect of long-term therapy with these drugs. 

A, C-E Glucocorticoids tend to produce actions opposite to 
those listed. 

Learning objective: Describe the effects of glucocorticoids on 

serum glucose levels. 

8. D Glucocorticoids can lead to hyperglycemia by causing sim- 
ulation of gluconeogenesis, decreased glucose utilization by 
cells, and increased glucagon secretion. These effects are dose- 
dependent, and hyperglycemia can occur even with a low 
dose of daily prednisone. 

A, B, E Glucocorticoids tend to cause effects opposite to 
those listed. 

C Glucocorticoids can cause hypokalemia, but this is rare 
with synthetic drugs that have very low mineralocorticoid 
activity, such as prednisone. Moreover, the patient was re- 
ceiving captopril, which tends to cause hyperkalemia, thus 
balancing the possible hypokalemic effect of prednisone. 


Learning objective: Explain why synthetic glucocorticoids are 
usually preferred over cortisol in the therapy of nonendocrine 
disorders. 

9. B Synthetic glucocorticoids are usually preferred over natu- 
ral hormones for the treatment of nonendocrine disorders 
because they are less prone to induce salt and water reten- 
tion when given at equivalent antiinflammatory doses. 

A, C-E All of these effects of glucocorticoids are dose- 
related and closely parallel their antiinflammatory effect. 

learning objective: Explain the mechanisms of the antiinflamma- 
tory action of glucocorticoids. 

10. E Acute bursitis results from the inflammation of a fluid- 
filled sac, the bursa, which is located between two surfaces 
that rub together when moving. The inflammation has a 
rapid onset and can be very uncomfortable. Intra-articular 
injections of glucocorticoids provide rapid relief because of 
their powerful antiinflammatory activity. This effect is me- 
diated by a vast array of actions, including the induction of 
the synthesis of lipocortins. These enzymes act as inhibitors 
of phospholipase A^ the enzyme that catalyzes the release 
of arachidonic acid from membrane phospholipids. Because 
arachidonic acid is the precursor of eicosanoids, the cortico- 
steroid-induced induction of lipocortins leads to an inhibi- 
tion of phospholipase and, in turn, to an inhibition of 
biosynthesis of all eicosanoids, which are proinflammatory 
compounds. 

A Glucocorticoids inhibit adrenocorticotropic hormone 
(ACTH) release, but this has nothing to do with their anti- 
inflammatory action. 

B Glucocorticoids do not affect the catabolism of prosta- 
glandins. 

C, D Glucocorticoids decrease post capillary permeability 
(due to inhibition of histamine release and kinin activity) 
and decrease the synthesis of most proinflammatory inter- 
leukins, such as IL-6. 

learning objective: Describe glucocorticoid-induced osteoporosis. 

1 1 . EThe patient’s signs and symptoms indicate that she was suf- 
fering from Cushing syndrome, most likely due to high-dose 
glucocorticoid therapy. Polymyositis is a chronic autoim- 
mune disease ofunknown cause characterized by inflamma- 
tory and degenerative changes in the muscles. High-dose 
glucocorticoid is usually the treatment of choice. Drugs with 
high potency and negligible salt-retaining activity, such as 
dexamethasone, are commonly the preferred agents. 

A, B, D Methotrexate, azathioprine, and cyclophospha- 
mide are sometimes used to treat polymyositis, but they do 
not cause the syndrome shown by the patient. 




C, F Fludrocortisone and mifepristone are not used to treat 
polymyositis. 

Learning objective: Describe prednisone-precipitated hyperosmo- 
lar coma. 

12. A The neurologic signs, together with the huge glycemic 
value, the high-serum osmolality, and the absence ofurinary 
ketones, suggest the diagnosis of hyperglycemic, hyperos- 
molar coma. The syndrome typically occurs in elderly type 2 
diabetics, but occasionally it may be the initial presentation 
of previously latent diabetes mellitus. It is frequently precip- 
itated by comorbid conditions or by certain drugs, including 
glucocorticoids, thiazides, and phenytoin. 

B Beta-2 stimulants such as albuterol can cause hypergly- 
cemia by stimulating liver gluconeogenesis. Therefore, they 
could precipitate diabetic ketoacidosis if given at high doses. 
However, inhaled albuterol rarely causes significant hyper- 
glycemia, and diabetic ketoacidosis is unlikely, mainly be- 
cause of the absence of urinary ketones. 

C See correct answer explanation. 

D, EThe signs and symptoms ofventricular tachycardia and 
cerebral edema are not the ones exhibited by the patient. 

Learning objective: Describe glucocorticoid-induced subcapsular 
cataract. 

13. B The patient’s history and symptoms indicate that he was 
most likely suffering from steroid-induced cataract develop- 
ment. Long-term therapy with a high dose of glucocorticoids 
has been associated with the development of posterior sub- 
capsular cataracts, which occur in about 20% of patients 
treated for 1 year or more. 

A, CMifepristone and fludrocortisone are not used to treat 
rheumatoid arthritis, nor do they cause cataracts. 

D-F Methotrexate, azathioprine, and cyclophosphamide 
are sometimes used to treat rheumatoid arthritis, but they 
do not cause cataract formation. 

Learning objective: Describe the long-term effects of glucocorti- 
coids on glucose and blood urea nitrogen (BUN) levels. 

14. EThe patient’s signs and symptoms indicate he was suffer- 
ing from adverse effects of chronic glucocorticoid therapy. 
Polyarteritis nodosa is a connective tissue disorder of un- 
known cause that is usually treated with high doses of glu- 
cocorticoids. Chronic treatment with these drugs can cause 
epigastric distress because of increased peptic acid secre- 
tions and inhibition of prostaglandin synthesis, muscle weak- 
ness because of muscle wasting, hypertension (mechanism 
still uncertain), and candidiasis (oral white plaques) because 
of the immunosuppressive effect that increases the proba- 
bility of opportunistic infections. These drugs can also cause 
hyperglycemia (due to increased gluconeogenesis, decreased 


glucose utilization, and increased glucagon secretion) and 
increased BUN because of protein wasting. 

A-D, F These drugs do not cause the syndrome presented 
by the patient and are not currently used in the therapy of 
polyarteritis nodosa. 

Learning objective: Describe the effects of glucocorticoids. 

15. A The patient’s signs and symptoms indicate that she was 
most likely suffering from the adverse effects of chronic 
glucocorticoid therapy. Glucocorticoids such as prednisone 
are currently used to treat severe cases of ulcerative colitis. 
They can cause muscle weakness (because of skeletal muscle 
wasting, so-called steroid myopathy) and epigastric distress 
(because of increased peptic acid secretions and inhibition 
of prostaglandin synthesis). Osteoporosis is a frequent seri- 
ous complication of long-term glucocorticoid therapy and 
can explain the dull, aching back pain of the patient. Gluco- 
corticoids decrease the number of lymphocytes (due to 
increased efflux from blood to the lymphoid tissue) and in- 
crease the number of neutrophils (due both to increased 
efflux from bone marrow and to decreased migration from 
the blood vessels). 

B-F All of these drugs are used to treat ulcerative colitis, 
but they do not cause the signs and symptoms shown by the 
patient. 

Learning objective: Identify the opportunistic infections that can 

be triggered by chronic glucocorticoid therapy. 

16. CHigh-dose glucocorticoid therapy increases the risk of op- 
portunistic infections because they lower the resistance of 
the host. The signs and symptoms of the patient indicate 
that she was most likely affected by pulmonary tuberculosis, 
one of the most common diseases that can be triggered or 
reactivated by high-dose glucocorticoid therapy. 

A, D These pneumonias can be triggered by high-dose glu- 
cocorticoid therapy, but offending organisms are not acid- 
fast bacilli. 

B, E,FAllofthese diseases can have some ofthe symptoms 
exhibited by the patient, but they are not triggered by gluco- 
corticoid therapy. 

Learning objective: Describe the effects of glucocorticoids on the 

hematopoietic system. 

17. D Glucocorticoids decrease the concentration of lymphocytes, 
monocytes, eosinophils, and basophils (due to increased ef- 
flux from blood to the lymphoid tissue and to increased 
apoptosis). They also increase the concentration of neutro- 
phils (due to increased efflux from bone marrow and to de- 
creased migration from blood vessels) and the concentration 
of red blood cells and platelets. 

A-C, E See correct answer explanation. 




learning objective: Explain the molecular mechanism of act ion of 
glucocorticoids. 

18. B Glucocorticoids cross the membrane of the target cell by 
passive diffusion. In the cytoplasm, the drug binds to a glu- 
cocorticoid receptor (GR)-heat shock protein complex in 
the cytoplasm. The heat shock protein is released, and the 
hormone receptor complex is transported into the nucleus, 
where it binds to specific nucleotide sequences along the 
DNA, called glucocorticoid response elements (GREs). Bind- 
ing of ligand-activated GRs at GREs regulate (up or down) 
transcription of genes coding for specific proteins. Changes 
in the rate of synthesis of specific proteins carry out most 
biologic actions of the hormones. 

A, C See correct answer explanation. 

D-F Glucocorticoids can decrease the activity of these 
enzymes, but this is not due to a blockade of the enzymes 
following their direct binding to the drug-receptor complex, 
but to an inhibition of the enzyme synthesis due to subse- 
quent downstream effects of gene regulation by the drug- 
receptor complex. 

Learning objective: Describe the long-term adverse effects of glu- 
cocorticoids on the hematopoietic system. 

19. B Ecchymoses and easy bruisability are common side effects 
of prolonged glucocorticoid use. They occur most often in 
the elderly and are dose-related. Steroids such as prednisone 
destroy the collagen support of small blood vessels, resulting 
in leakage of blood into surrounding tissue. Moreover, their 
antiinflammatory effects reduce the normal resorption of 
blood leakage, making the bruise last longer. 

A, C Warfarin and heparin can cause bruises, but they are 
not used to treat dermatomyositis. 

D-F Methotrexate, azathioprine, and cyclosporine are 
used to treat dermatomyositis, but they do not cause bruises. 

Learning objective: Outline the use of spironolactone in treating 
adrenal hyperplasia. 

20. D The patient’s symptoms and the laboratory values indi- 
cate that he was most likely suffering from primary hyperal- 
dosteronism due to bilateral adrenal hyperplasia. Surgical 
therapy of the disease is not recommended because most 
patients remain hypertensive even after bilateral adrenal- 
ectomy. Hyperaldosteronism in these patients can usually 
be controlled by spironolactone, a competitive antagonist at 
mineralocorticoid receptors. 

A About one half ofpatients with primary hyperaldostero- 
nism need additional antihypertensive treatment, but mi- 
noxidil is an antihypertensive rarely used today because of 
its toxicity. 

B, C, E, F These drugs are useless, or even dangerous, in 
primary hyperaldosteronism. 


Learning objective: Identify the risk of osteoporosis in a patient 
under glucocorticoid therapy. 

21. B Glucocorticoids are first-line agents to treat relapsing poly- 
chondritis, an episodic, destructive disorder involving various 
cartilages of the body. The disease is fatal after 5 years in 
about 30%of cases. Glucocorticoids or immunosuppressants 
can relieve symptoms, but they do not affect mortality. Os- 
teoporosis is a frequent, serious complication of glucocor- 
ticoid therapy and is related to dosage and duration of 
treatment. These drugs decrease bone density by multiple 
mechanisms, including inhibition ofintestinal absorption and 
increased renal excretion of Ca 2+ with secondary increase of 
parathyroid hormone, thereby increasing bone resorption. 
In addition, glucocorticoids inhibit osteoblast activity and 
lead to uncoupling of bone formation and resorption. Osteo- 
porosis occurs in patients of all ages but is more frequent 
when additional risk factors (sex and postmenopausal age) 
occur, as in this case. 

A, C-E The risk of these diseases is not increased by gluco- 
corticoid therapy. 

Learning objective: Describe the use of glucocorticoids under 
stressful conditions in a patient with latent adrenal insufficiency. 

22. A When glucocorticoids are discontinued in patients who 
had been treated with high doses of these drugs for long pe- 
riods, adrenal insufficiency can occur for some time. During 
chronic glucocorticoid therapy, a negative feedback mecha- 
nism inhibits corticotropin-releasing hormone (CRH) and 
adrenocorticotropic hormone (ACTH) secretion, resulting 
in atrophy of the adrenal cortex and decreased secretion of 
cortisol. The amount and the duration of adrenal insuffi- 
ciency depend on the dose of glucocorticoids and the dura- 
tion of the steroid treatment. Following long-term therapy, 
this insufficiency can last up to 1 year. When the insuffi- 
ciency is not pronounced, the adrenal cortex can secrete 
enough cortisol under normal conditions, but this secretion 
may be insufficient under stressful conditions, such as sur- 
gery, which may require up to a 10-fold increase in cortisol 
secretion. It is a common therapeutic practice to resume the 
glucocorticoid treatment in patients previously treated with 
chronic, high-dose glucocorticoids when the patient is under 
stressful conditions (including surgery), as in this case. 

B, C Glucocorticoids would cause effects opposite to those 
listed. 

D Glucocorticoids can cause general depressive effects on 
intestinal functions (after high doses), but this is not the rea- 
son for restarting prednisone treatment in this patient. 

E Glucocorticoid treatment can cause a decrease of ACTH 
release, but this is not the reason for restarting prednisone 
treatment in this patient. 




learning objective: Explain the mechanisms of the immunosup- 
pressive action of glucocorticoids. 

23. F Polyarteritis nodosa is a systemic vasculitis consisting of 
segmental inflammation and necrosis of medium-size vas- 
cular arteries with secondary tissue ischemia. The cause is 
unknown, but immune mechanisms appear to be involved. 
Untreated, the disease is usually fatal, often ending in failure 
of the heart, kidneys, or other vital organs. High-dose glu- 
cocorticoids may prevent progression and induce partial or 
near-complete remission in about 30% of patients, likely 
because oftheir powerful immunosuppressive action, which 
includes the inhibition of macrophage-mediated production 
of interleukins, including tumor necrosis factor (TNF). 

A Glucocorticoids do not affect catabolism of leukotrienes. 

B-E Glucocorticoids have effects opposite to those listed. 

Learning objective: Outline the pharmacotherapy of Addison 
disease. 

24. E The patient’s signs and symptoms indicate that she was 
most likely suffering from Addison disease, a progressive hy- 
pofunctioning of the adrenal cortex. Mineralocorticoid defi- 
ciency results in increased excretion of Na + and decreased 
excretion of K + , whereas glucocorticoid deficiency contributes 
to postural hypotension and causes severe insulin sensitiv- 
ity. Gluconeogenesis is impaired, and hypoglycemia results. 
Decreased blood cortisol causes increased pituitary adre- 
nocorticotropic hormone (ACTH) production and increased 
blood p-lipotropin, which has melanocyte-stimulating ac- 
tivity. Both ACTH and p-lipotropin cause hyperpigmentation 
of the skin and mucous membranes characteristic of Addi- 
son disease. The rational pharmacotherapy of the disease 
is to provide both mineralo- and glucocorticoid treatment. 
Fludrocortisone is preferred over aldosterone because of its 
long duration of action and its powerful salt-retaining ac- 
tivity. It is the only drug used for mineralocorticoid sup- 
plementation. Cortisol or a synthetic steroid are used for 
glucocorticoid supplementation. 

A-D See correct answer explanation. 

Learning objective: Outline the therapeutic uses of gluco- 
corticoids. 

25. C Cerebral edema is an excessive accumulation of water in 
the intra- or extracellular space of the brain due to a break- 
down of tight endothelial junctions that make up the blood- 
brain barrier. This allows excess fluid to penetrate into 
cerebral extracellular space. This type of edema, called va- 
sogenic, is seen in response to trauma, tumors, focal inflam- 
mation, late stages of cerebral ischemia, and hypertensive 
encephalopathy. Because the edema occurs in an enclosed 


space, the brain is compressed, and the condition can be rap- 
idly fatal. Glucocorticoids are of value for the reduction or 
prevention of cerebral edema associated with cerebral infec- 
tions or neoplasms because of their powerful antiinflamma- 
tory action. However, they are of no value in case of cerebral 
edema due to trauma or ischemic stroke. 

A, B, D-F These drugs are contraindicated in this pa- 
tient because they could decrease the already low diastolic 
pressure. 

Learning objective: Outline the therapeutic uses of gluco- 
corticoids. 

26. CIn the right clinical setting, an increased number of eosin- 
ophils in the bronchoalveolar lavage is diagnostic for acute 
eosinophilic pneumonia. The disorder can be a cause of 
acute respiratory failure, as in this case. Although the patho- 
genesis of this disorder is unknown, a hypersensitivity re- 
action to some unidentified inhaled antigen is thought to 
play an etiologic role. Unlike chronic eosinophilic pneumonia, 
which requires long treatment with high doses of glucocor- 
ticoids, a short course of glucocorticoids causes a complete 
resolution of symptoms in most cases of acute eosinophilic 
pneumonia. 

A, B, D-F Eosinophilic pneumonia is not an infectious dis- 
ease, so all the listed drugs are useless. 

Learning objective: Outline the uses of glucocorticoids to treat 
spinal cord edema. 

27. C Spinal cord involvement with cancer metastases occurs 
most commonly in patients with cancers of the lung, breast, 
and prostate. Cord compression usually results from verte- 
bral erosion with tumor extension into the epidural space. 
Glucocorticoids are administered to all patients with docu- 
mented or suspected cord compression to reduce the edema 
due to compression and the tumor-induced inflammatory 
reaction. 

A, F Mineralocorticoids such as fludrocortisone and min- 
eralocorticoid receptor antagonists such as spironolactone 
are practically devoid of antiinflammatory properties. 

B, D Nonsteroidal antiinflammatory drugs (NSAIDs) such 
as ibuprofen and ketorolac can reduce edema due to the 
inflammatory reaction but are much less effective than 
glucocorticoids. 

E Diuretics such as furosemide can reduce edema due to 
conditions that directly or indirectly affect renal or circula- 
tory function (i.e., cardiac failure, renal failure, and liver dis- 
ease) but have only marginal effects in localized edema due 
to the inflammatory reaction. 




learning objective: Explain the molecular mechanism of act ion of 
glucocorticoids. 

28. D In most adults, immunologic thrombocytopenic purpura 
is a chronic disorder that results from development of an 
antibody directed against a structural platelet antigen. Treat- 
ment in the adult usually begins with a large dose of an oral 
glucocorticoid, such as prednisone. The mechanism of ac- 
tion of all steroid drugs involves binding to a receptor-heat 
shock protein complex in the cytoplasm. 

A, C, E, F The mechanism of action of these drugs also in- 
volves binding to a receptor-heat shock protein complex in 
the cytoplasm, but these drugs are not used in autoimmune 
diseases. 

B Azathioprine is an immunosuppressant drug some- 
times used in immunologic thrombocytopenic purpura, but 
its mechanism of action is different from the one described 
above. 

Learning objective: Outline the therapeutic uses of gluco- 
corticoids. 

29. C The patient’s signs and symptoms indicate that he was 
suffering from Cushing syndrome due to production of cor- 
tisol by an adrenocortical adenoma. These neoplasms are 
treated by surgical removal, and patients must receive sup- 
plementary cortisol during surgery and the postoperative 
period, as the adrenal cortex of the nontumor gland is atro- 
phic and suppressed. The suppressed adrenal may require 
up to 18 months’ recovery, and glucocorticoid therapy should 
be tapered but not discontinued until that recovery has been 
documented. 

A The normal potassium levels indicate that the aldo- 
sterone secretion is not affected, so there is no need for a 
mineralocorticoid administration. 

B, D-F These drugs are useless, or even dangerous, in this 
disease. 

Learning objective: Outline the pharmacotherapy of Cushing 
syndrome. 

30. C In patients with Cushing syndrome, the main goal of 
pharmacotherapy is to block glucocorticoid secretion. Keto- 
conazole is an antifungal agent. In doses higher than those 
employed in antifungal therapy, the drug inhibits cytochrome 
P-450 enzymes, thus blocking several steps of steroidogene- 
sis. As a result, the drug is the most effective inhibitor of ste- 
roid biosynthesis. Another drug that can be used in Cushing 
syndrome to inhibit steroid biosynthesis is aminoglutethim- 
ide, which inhibits CYP11A, the enzyme that catalyzes the 
conversion of cholesterol to pregnenolone, the rate-limiting 
step in steroid biosynthesis. 

A, B, D-F These drugs are useless, or even dangerous, in 
treating Cushing syndrome. 


Learning objective: Explain the molecular mechanism of act ion of 
spironolactone. 

31. D Spironolactone is a competitive antagonist of aldoste- 
rone. By blocking aldosterone receptors, the drug inhibits 
the aldosterone-mediated production of Na + , K + , and water 
channels in the collecting tubules. The excretion of Na + and 
water increases, which explains the patient’s nocturia. Spi- 
ronolactone is used as a diuretic and sometimes to inhibit 
hirsutism in women due to its action as an androgen recep- 
tor antagonist. 

A-C, E Spironolactone does not elicit these actions. 

Learning objective: Describe the adverse effects of mineralocorti- 
coid excess. 

32. B In the patient being treated for adrenal insufficiency, the 
high blood pressure, the low K + levels, and the electrocardio- 
gram data suggest that his signs and symptoms are due to an 
excessive dose of fludrocortisone, a mineralocorticoid cur- 
rently used as part of the therapy for Addison disease. 

A, D Hyperglycemia or myopathy induced by cortisol ex- 
cess would not cause the patient’s signs and symptoms. 

C, E Neither of these situations is consistent with the pa- 
tient’s signs and symptoms. 

Learning objective: Outline the use of glucocorticoids to treat 
nephrotic syndrome. 

33. EThe patient’s symptoms and the lab results indicate that he 
was most likely suffering from nephrotic syndrome. In fact, 
the finding of more than 3 g urinary proteins in a 24-hour 
urine collection is diagnostic. The syndrome can be a pri- 
mary glomerular disease (minimal change disease, etc.) or 
secondary to a vast array of disorders, including various 
infections, diabetes, cancer, or immunologic disorders. Pro- 
teinuria results from damage of the kidney glomerulus that 
causes it to lose its filtrating capacity. Because the patient 
was otherwise healthy, the syndrome was most likely due to 
minimal change disease (also called lipoid nephrosis). Spon- 
taneous remission of the disease occurs in about 40% of 
cases, but most patients are given glucocorticoids, such as 
betamethasone. 

A-D These drugs are not used to treat minimal change 
disease. 

Learning objective: Outline the therapeutic uses of gluco- 
corticoids. 

34. B Epinephrine is the cornerstone of treatment of anaphy- 
laxis and should be given immediately. Glucocorticoids such 
as prednisone cannot control the immediate symptoms 
(due to their slow onset of action) but are usually given 
to alleviate or prevent later recurrence of bronchospasm, 




hypotension, and urticaria because of their powerful immu- 
nosuppressive effects. 

A, C-F These drugs are useless, or even contraindicated, in 
anaphylaxis. 

learning objective: Explain the mechanism of the antiinflamma- 
tory action of glucocorticoids. 

35. E Crohn disease is a chronic inflammatory bowel disease of 
unknown origin. A consensus hypothesis is that in geneti- 
cally predisposed individuals, both exogenous factors and 
endogenous host factors interact to cause a chronic state of 
dysregulated mucosal immune function. The antiinflamma- 
tory effect of glucocorticoids, which may dramatically re- 
duce fever, diarrhea, and abdominal pain in the acute stage 
of the disease, has multiple components, including inhibi- 
tion of lymphocyte-mediated production of interleukin-2. 
This cytokine induces proliferation of B and T cells (including 
cytotoxic T cells) and activation of natural killer cells; there- 
fore, it plays a central role in the immune response. 

A Glucocorticoids have no effect on the catabolism of 
prostaglandins. 

B-D Glucocorticoids have effects opposite to those listed. 

Learning objective: Outline the therapeutic uses of gluco- 
corticoids. 

36. D Glucocorticoids are frequently used to suppress inflam- 
mation in the eye. They are administered topically into the 
conjunctival space when the inflammation occurs in the 
anterior segment of the eye (e.g., in conjunctivitis, keratitis, 
iritis, or iridocyclitis), but systemic administration is re- 
quired for inflammation of the posterior segment of the eye 
(e.g., in uveitis and optic neuritis). 

A Although indomethacin is an antiinflammatory drug, it 
is not used topically in the eye. 

B, C, E, F These drugs are used to treat glaucoma, not in- 
flammatory diseases of the eye. 

Learning objective: Outline the use of glucocorticoids in treating 
chemotherapy-induced nausea and vomiting. 

37. A The best and most common regimen to prevent chemo- 
therapy-induced nausea and vomiting is a three-drug 
combination of a serotonin 5-HT 3 receptor antagonist, a 
glucocorticoid such as dexamethasone, and aprepitant. This 
combination prevents acute emesis in 80 to 90%of patients 
and delayed emesis in more than 70%of patients. The mech- 
anism of the antiemetic action of glucocorticoids is still 
unknown, but it is likely mediated by their inhibition of 
prostaglandin biosynthesis in the central nervous system. 

B, C These antiemetic drugs are poorly effective in chemo- 
therapy-induced nausea and vomiting 

D Loperamide is an antidiarrheal, not an antiemetic, drug. 


E Benzodiazepines such as diazepam have no direct anti- 
emetic effect. They are sometimes added to the main regimen 
because their antianxiety effect could reduce the anticipa- 
tory component of nausea and vomiting. 

F Omeprazole is an inhibitor of gastric acid secretion, not 
an antiemetic drug. 

Learning objective: Outline the therapeutic uses of gluco- 
corticoids. 

38. E Thrombotic thrombocytopenic purpura is an acute, po- 
tentially fatal disorder characterized by the pentad of 

• Severe thrombocytopenia (platelets are utilized in the 
formation of diffuse microthrombi) 

• Neurologic signs and symptoms 

• Manifestation of ischemic changes in multiple organs 

• Fever 

• Microangiopathic hemolytic anemia 

The disorder is associated with many conditions, including 
HIV infection, and is almost always fatal ifuntreated. The eti- 
ology is unknown. Repeated plasmapheresis has dramati- 
cally changed the prognosis, and now about 85%of patients 
recover completely. The use of immunosuppressive drugs 
such as rituximab or glucocorticoids, in addition to plasma- 
pheresis, has further increased survival and decreased the 
frequency of relapse. 

A Mineralocorticoids such as fludrocortisone are of no 
value in this disease. 

B Thrombolytic drugs such as alteplase are contraindi- 
cated in hemorrhagic diseases. 

C Antiplatelet drugs have been given to some patients 
with very questionable benefit. 

D Because the anemia of thrombotic thrombocytopenic 
purpura is not due to iron deficiency, iron preparations are 
useless. 

F The thrombocytopenia in thrombotic thrombocytope- 
nic purpura is not due to myelosuppression; thus, a myeloid 
growth factor such as sargramostim is not useful. 

Learning objective: Outline the therapeutic uses of gluco- 
corticoids. 

39. C Glucocorticoids are used frequently in the setting of pre- 
mature labor to prevent infant respiratory distress syndrome 
(RDS). The main cause of RDS is pulmonary surfactant defi- 
ciency. Without an adequate amount of surfactant, the sur- 
face tension within the alveoli is so great that the alveoli 
collapse, resulting in poor gas exchange. In the fetus, en- 
dogenous cortisol stimulates the synthesis and secretion 
of surfactant at 30 to 32 weeks’ gestational age. Maternal 
administration of glucocorticoids can accelerate fetal lung 
maturation and decrease the incidence and severity of RDS. 

A, B, D-F See correct answer explanation. 




learning objective: Outline the therapeutic uses of gluco- 
corticoids. 

40. B Glucocorticoid therapy is indicated in selected patients 
with inflammatory bowel diseases, such as ulcerative colitis. 
The cause of inflammatory bowel diseases is unclear, but 
one hypothesis includes autoimmunity. Under normal condi- 
tions, the immune system of the intestinal mucosa interacts 
with luminal antigens and bacteria to ensure an appropriate 
immune response to these antigens. In inflammatory bowel 
diseases, this immune response is perpetuated, and an au- 
toimmune cascade occurs. The beneficial effect of gluco- 
corticoids most likely results from their prominent anti- 
inflammatory and immunosuppressive properties. 

A Glucocorticoids have general depressive effects on in- 
testinal functions when given at high doses, but this is not 
the primary reason for their use in ulcerative colitis. 

C Glucocorticoids have antiemetic properties, but this is 
not the main reason for their use in ulcerative colitis. 

D Glucocorticoid actions can contribute to pain relief, but 
this is not the main reason for their use in ulcerative colitis. 

E Patients with ulcerative colitis have an increased risk of 
colon cancer, but the prevention of cancer is not the main 
reason for the use of glucocorticoids in ulcerative colitis. 

learning objective: Describe the pharmacokinetics of inhaled 
glucocorticoids 

41. CThe reason for the low toxicity of inhaled glucocorticoids 
is related to their special pharmacokinetics. Approximately 
80 to 90%of an inhaled dose is deposited in the oropharynx, 
swallowed, and subsequently absorbed from the gastroin- 
testinal tract. This fraction undergoes first-pass metabolism 
in the liver, which is quite high (the oral bioavailability of 
beclomethasone is about 10 to 20°/$.Ten to 20%ofan inhaled 
dose enters the lung. This fraction exerts the therapeutic 
effect and is then absorbed into the systemic circulation. 
Therefore, when given by inhalation, the drug can achieve a 
concentration in the lung that is adequate for the local ther- 
apeutic effect but too small for systemic adverse effects. 

A, B, D, E See correct answer explanation. 

Learning objective: Describe the main contraindications of 
glucocorticoids 

42. C Corticosteroids are well known to cause cataracts and to 
exacerbate glaucoma during long-term administration. They 
are therefore contraindicated, or should be used very cau- 
tiously, in patients with glaucoma. 

A, B, D, E See correct answer explanation. 


Learning objective: Identify the drug that can cause gynecomastia 
in a patient affected by bilateral adrenal hyperplasia. 

43. D The patient’s bilateral adrenal hyperplasia most likely 
caused primary hyperaldosteronism, a disorder that is usu- 
ally controlled by spironolactone. Gynecomastia is a well- 
known adverse effect of this drug; the overall prevalence is 
about 10% Spironolactone is a competitive aldosterone re- 
ceptor antagonist, but it can bind to other steroid receptors. 
The blockade of androgen receptors is most likely the pri- 
mary mechanism of spironolactone-induced gynecomastia. 

A-C, E, F Ail of these drugs can cause gynecomastia, but 
they are not used to treat primary hyperaldosteronism. 

Learning objective: Identify the drug that can cause liver failure in 
a patient treated for Cushing syndrome 

44. C The patient’s symptoms and laboratory exams indicate 
that he was most likely suffering from liver failure. Keto- 
conazole is a drug currently used to treat Cushing syndrome 
because it inhibits cytochrome P-450 enzymes, thus block- 
ing several steps of steroidogenesis. Serious hepatotoxicity, 
including cases with a fatal outcome or requiring liver trans- 
plantation, has occurred with the use of oral ketoconazole. 
These cases occurred both in patients receiving high doses 
for short treatment durations and in patients receiving low 
doses for long durations. 

AMetyrapone is used to treat Cushing syndrome, but its 
liver toxicity is exceedingly rare. 

A, B, D-F These drugs can cause liver toxicity but are not 
used to treat Cushing syndrome. 
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Answers and Explanations: V-4 Drugs for Gonadal Disorders 


Questions 1-5 

1. A 

2. K 

3. E 

4. G 

5. F 

learning objective: Identify the drug to be used locally in case of 
vaginal atrophy. 

6. A Total hysterectomy includes removal of the ovaries. Vaginal 
dryness and atrophy due to estrogen deficiency is a common 
cause of dyspareunia (painful vaginal intercourse) and can be 
cured with estrogen administration. Topical forms of estro- 
gens (creams, vaginal tablets, etc.) are as effective as or more 
effective than oral forms for this indication and are usually 
preferred. When estrogen cream is used, women with a uterus 
are also given a progestin, which is not needed following hys- 
terectomy, as in this case. 

B-E See correct answer explanation. 

Learning objective: Identify the drug used in a patient with a 
metastatic breast cancer resistant to tamoxifen. 

7. A Early-stage breast cancer is curable. However, if the patient 
develops metastases, the goal of treatment shifts from cure 
to palliation and stabilization of disease. 

Anastrozole is a selective inhibitor of aromatase, the en- 
zyme that converts androgens to estrogens. The low levels of 
estrogens in postmenopausal women are produced by aroma- 
tization of adrenal and ovarian androgens. Aromatase inhibi- 
tors cause almost a total suppression of estrogen levels. They 
are used in postmenopausal women with a hormone recep- 
tor-positive breast cancer when tamoxifen is contraindicated 
or has proven ineffective, as in this case. 

B-F See correct answer explanation. 

Learning objective: Identify the drug that can decrease both the 
risk ofbreast cancer and the degree of osteoporosis in postmeno- 
pausal women. 

8. C Raloxifene is a selective estrogen receptor modulator. Such 
drugs can have estrogenic effects in bone but estrogen antag- 
onist action on breast and uterine receptors. Raloxifene is ap- 
proved both forthe treatment ofpostmenopausal osteoporosis 
and for breast cancer risk reduction, and therefore can be ap- 
propriate therapy in a subset ofwomen with postmenopausal 
osteoporosis who are at risk ofbreast cancer, as in this case. 


A Anastrozole can reduce the risk ofbreast cancer but has 
no effect or a negative effect (due to further decrease in es- 
trogen levels) on bone mass. 

B Alendronate can increase the bone mass index more 
than raloxifene, but has not proven to reduce breast cancer 
risk. Bisphosphonates are used to treat bone metastases of 
breast cancer. It has been suggested that bisphosphonate 
therapy may decrease the risk of developing breast cancer, 
but the effectiveness for either prevention or treatment of 
breast cancer has not yet been proven. 

D, E Androgens and progestins are not used to treat post- 
menopausal osteoporosis. 

Learning objective: Describe the pharmacological effects of 
drospirenone. 

9. B Drospirenone is the only progestin drug with definite 
antihypertensive properties. It is structurally related to spi- 
ronolactone and acts as an aldosterone receptor antagonist. 
Therefore, it causes an increased renal sodium excretion, 
which can account for its diuretic and antihypertensive 
effects. 

A Potassium excretion is decreased, not increased, by al- 
dosterone antagonists. 

C-EThe renal excretion of these ions is minimally affected 
by drospirenone. 

Learning objective: Identify the drug used to induce puberty in 
girls with Turner syndrome. 

10. FThe patient’s signs and lab exams indicate that the girl was 
affected by Turner syndrome, a sex chromosome abnormal- 
ity in which there is a complete or partial absence of one of 
the two sex chromosomes, producing a phenotypic female. 
The phenotype varies from that of the typical Turner syn- 
drome to normal. Failure to go to puberty and begin menses 
occurs in 90%of affected persons, as in this case. Replace- 
ment with female hormones will bring on puberty in most 
cases. 

ADiethylstilbestrol is a synthetic estrogen but is not used 
in replacement therapy because of the risk of adenocarci- 
noma in the offspring. 

B-E These drugs are of no value in replacement therapy. 




learning objective: Identify the drug used to decrease menomet- 
rorrhagia due to uterine fibroid. 

11. E Uterine fibroid, a benign uterine tumor, is the most com- 
mon pelvic tumor, occurring in about 70%of women. It fre- 
quently causes abnormal vaginal bleeding and pelvic pain, 
as in this case. Fibroids tend to enlarge during reproductive 
years, when estrogen production is high, because they have 
estrogen receptors. Asymptomatic fibroids do not require 
treatment. For symptomatic fibroids, medical options are 
focused on suppression of estrogen stimulation, but results 
are limited. Progestins such as medroxyprogesterone can 
partially suppress estrogen stimulation, which in turn can 
decrease fibroid growth and vaginal bleeding. Danazol, an 
androgen agonist, can also suppress fibroid growth but has 
a high rate of adverse effects and is less frequently used. 

A Estrogens such as ethinyl estradiol are contraindicated 
in uterine fibroids because they stimulate uterine growth 
and bleeding. 

B, C Finasteride inhibits dihydrotestosterone synthesis, and 
flutamide is an androgen receptor antagonist. By decreasing 
androgen activity, these drugs can indirectly enhance es- 
trogen actions and are therefore contraindicated in uterine 
fibroids. 

D Mifepristone is a progestin antagonist and therefore is 
contraindicated in uterine fibroids. 

Learning objective: Identify the drug effective as a contraceptive 
within 3 days of unprotected intercourse. 

12. CLevonorgestrel, a progestin compound, is an effective post- 
coital contraceptive. The effectiveness is most likely due to a 
combination of effects of interaction with progesterone re- 
ceptors and the time of the cycle. Among the contraceptive 
actions are inhibition of ovulation, alterations in cervical 
mucus production, and decreased fallopian tube motility, 
all of which can hinder fertilization and/or disrupt devel- 
opment of an endometrium suitable for implantation. Uli- 
pristal, a selective progesterone receptor modulator, is also 
effective and appears to be even more effective at preventing 
ovulation. 

A, B, D-F See correct answer explanation. 

learning objective: Explain the mechanism of the thrombo- 
embolic effect of oral contraceptives. 

13. D Estrogens enhance the coagulability of blood because they 

• Increase plasma levels of coagulation factors II, VII, VIII, 

IX, X, and XII (the main action) 

• Decrease plasma levels of antithrombin III 

• Increase platelet production and aggregation 


These actions augment the risk of thromboembolic disease 
in women taking combined oral contraceptives about three- 
fold compared to women taking no hormones. 

A-C, E Estrogens tend to cause actions opposite to those 
listed. 

learning objective: Identify the best hormonal contraceptive for 

a woman with an abnormal coagulation history. 

14. F Progestin alone (daily progestin tablets or implantable 
preparation) is the best hormonal contraceptive for women 
with an abnormal coagulation history, as in this case. In fact, 
estrogens must be avoided because they increase blood 
coagulability. 

A-C, E See correct answer explanation. 

D Mifepristone is not currently available as a regular con- 
traceptive preparation. 

Learning objective: Identify the drug that most likely caused deep 

venous thrombosis in a patient taking multiple medications. 

15. CThe estrogens contained in the contraceptive pill can con- 
tribute to thromboembolic events by several mechanisms. 
They increase plasma levels of factors II, VII, VIII, IX, X, and 
XII, decrease plasma levels of antithrombin III, and increase 
platelet production and aggregation in a manner similar to 
that seen late in pregnancy. 

AProgestins play a minimal role, if any, in thromboembo- 
lism risk. 

B, D, E These drugs do not cause or favor thrombo- 
embolism. 

FThis estrogen is not used in contraceptive preparations. 

learning objective: Explain the mechanism of action of finasteride. 

16. CFinasteride is a competitive inhibitor of 5a-reductase, the 
enzyme that converts testosterone to dihydrotestosterone. 
Dihydrotestosterone is the principal androgen responsible 
for stimulation of prostatic growth. The definitive therapy 
of benign prostatic hyperplasia is surgical, but drugs can be 
used when surgery is contraindicated, as in this case. 

A, B, D, E See correct answer explanation. 

learning objective: Explain the molecular mechanism of action 

of combination hormonal contraceptives. 

17. E Combination hormonal contraceptives act mainly through 
inhibition of ovulation most likely due to the following 
mechanisms: 

• In the brain, activation of estrogen and progestin recep- 
tors located on arcuate hypothalamic nuclei inhibits the 
secretion of gonadotropin-releasing hormone (GnRH). 




In current low-dose preparations, the primary hypotha- 
lamic effect ofthe estrogen component may be to increase 
expression of progesterone receptors. The progestin com- 
ponent acts to disrupt the normal cyclical pulsatility of 
GnRH release. 

• Activation of estrogen receptors in the anterior pituitary 
gland mainly inhibits follicle-stimulating hormone (FSH) 
secretion. 

• Activation of progestin receptors in the anterior pituitary 
gland mainly inhibits luteinizing hormone (LH) secretion. 

When combination hormonal contraceptives are given daily, 
the midcycle surge of LH is absent, and ovulation fails to 
occur. 

A Although combined oral contraceptives do result in de- 
creased ovarian hormone secretion, this effect is not part of 
the contraceptive action 

B, D Activation of receptors on these organs does not de- 
crease the secretion of a hormone involved in the contracep- 
tive effect of estrogens. 

C Activation of receptors located in the anterior, not poste- 
rior, pituitary inhibits the secretion of FSH and LH. 

Learning objective: Describe the pharmacological actions of 
progesterone. 

18. C Medroxyprogesterone is a synthetic progesterone deriva- 
tive that is about 15 times more potent and has the same 
pharmacological properties of the parent compound. Pro- 
gesterone increases the sensitivity ofthe respiratory center 
to carbon dioxide, thus leading to an increased ventilatory 
response. This can explain the measurable reduction of 
arterial and alveolar carbon dioxide that occurs during 
pregnancy. 

A, B, D, E Progesterone actually exhibits actions opposite 
to those listed. 

Learning objective: Identify the cell site of action of estrogen and 
progestins. 

19. A All gonadal steroid hormones act primarily via intracellu- 
lar receptors to regulate gene transcription, which occurs in 
the nucleus of target cells, where the ligand-activated recep- 
tor binds to specific estrogen response elements or progestin 
response elements in the DNA of regulated genes. 

B-E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of combination 
hormonal contraceptives. 

20. E Although the exact triggering mechanism of hot flushes 
is unknown, it has been shown that there is a clear associa- 
tion between the development of hot flushes and the wide 


swings in circulating estrogen levels that can occur during 
perimenopause. Hormonal replacement therapy is indicated 
for perimenopausal (and sometimes postmenopausal) women 
who complain of overt menopausal symptoms that disrupt 
their lives, as in this case. Women with an intact uterus 
should receive estrogen-progestin therapy to decrease the 
risk of endometrial and ovarian cancers. The therapy can 
often be slowly withdrawn once the woman’s system has 
progressed to established menopause. 

A, B Estrogens alone are not indicated because of the in- 
creased risk of endometrial and ovarian cancers. 

C, D, F Progestins alone are not effective in reducing hot 
flushes. 

Learning objective: Describe the adverse effects of oral con- 
traceptives. 

21. A The patient’s history and signs indicate that she was af- 
fected by chloasma, an increased skin pigmentation charac- 
terized by extensive brown patches of irregular shape and 
size. Chloasma occurs in 5%of women after 1 year and in 40% 
of women after 8 years of oral contraceptive use. It is similar 
to the so-called mask of pregnancy that sometimes occurs 
in pregnant women. The hyperpigmentation usually fades 
slowly when the hormone is withdrawn. 

B-E These drugs do not cause skin hyperpigmentation. 

learning objective: Explain the molecular mechanism of action 
of anastrozole. 

22. D Anastrozole and letrozole are selective inhibitors of aro- 
matase, the enzyme responsible for the conversion of andro- 
gens to estrogens, including the extra-adrenal synthesis of 
estrogen from androstenedione, which takes places in sev- 
eral tissues, including breast. Aromatase inhibitors are con- 
sidered second-line agents for hormone-dependent breast 
cancers, but they are increasingly used in this disease in post- 
menopausal women, in whom they cause an almost total 
suppression of estrogen synthesis. 

A-C, E Aromatase inhibitors such as anastrozole are de- 
void of these actions. 

Learning objective: Describe the contraindications to combina- 
tion hormonal contraceptives. 

23. B Estrogens increase plasma levels of factors II, VII, VIII, IX, 
X, and XII and are therefore absolutely contraindicated in 
thromboembolic diseases. Progestin-only contraceptives may 
be used in women with thromboembolic diseases. 

A, C-E These disorders do not contraindicate the use of 
hormonal contraceptives. 




learning objective: Identify a drug indicated for metastatic breast 
cancer in women resistant to tamoxifen. 

24. D Hormonal therapy in the metastatic breast cancer setting 
can provide long progression-free survival in patients. If the 
patient responds to a hormonal agent for a long period of 
time, the likelihood of response to another hormonal agent 
is high. Because the patient was well controlled with tamox- 
ifen for 5 years, another hormonal agent is a reasonable 
choice. Fulvestrant, a competitive estrogen receptor antago- 
nist, has been approved for patients who have become resis- 
tant to tamoxifen, as in this case. 

A Anastrozole is used in metastatic breast cancer but is 
an aromatase inhibitor, not an estrogen receptor antagonist. 

B, C, E These drugs are not used in the therapy of breast 
carcinoma. 

Learning objective: Outline the risk of breast cancer associated 
with hormone replacement therapy in postmenopausal women. 

25. B Hormone replacement therapy is the most effective treat- 
ment option for alleviating vasomotor symptoms in post- 
menopausal women. The risk ofmalignant tumors in women 
taking hormonal contraceptives is probably the major con- 
cern for the use of these medications in perimenopausal 
women. Although the issue is still controversial, it appears 
that there is a small duration-related increase in the risk of 
breast cancer. This prompted the U.S. Food and Drug Admin- 
istration to mandate the addition of new safety warnings to 
the labels of all systemic estrogens, including estrogen-only 
and combined estrogen-progestin products. The labels cau- 
tion that the use of estrogen-containing hormone therapy 
regimens by postmenopausal women may be associated 
with an increased risk of breast cancer, myocardial infarc- 
tion, stroke, and thromboembolism. 

A, C-E The risk of these diseases is actually decreased in 
postmenopausal women on hormonal estrogen plus proges- 
tin therapy. 

learning objective: Identify the site of action ofclomiphene when 
given to treat infertility. 

26. B Clomiphene is an estrogen receptor antagonist in most 
target tissues. Blockade of estrogen receptors in the hypo- 
thalamus counteracts the estrogen-induced negative feed- 
back on the hypothalamic-pituitary-ovarian axis. This effect 
often allows normal pulsatility of gonadotropin-releasing 
hormone (GnRH) release from the hypothalamus to occur, 
stimulating a normal pattern of follicle-stimulating hormone 


(FSH) and luteinizing hormone (LH) release from the ante- 
rior pituitary, resulting in ovulation. The drug has been used 
for more than 25 years to treat infertility when other causes 
have been ruled out. However, clomiphene may exhibit neg- 
ative effects, including an increased incidence of multiple 
births, ovarian cysts, and ovarian hyperstimulation syndrome. 

A, C-F See correct answer explanation. 

learning objective: Identify the main reason for the preference of 
synthetic estrogens and progestins over natural compounds. 

27. B Synthetic estrogens and progestins are often preferred 
over natural hormones mainly because they have greater 
oral bioavailability due to lower first-pass metabolism. The 
slower metabolism of these drugs also accounts for their 
longer half-life (i.e., estradiol 1 to 2 hours, ethinyl estradiol 
8 to 24 hours). 

A, C-E Synthetic compounds do not differ significantly from 
natural hormones in their hormonal efficacy, inhibition of 
gonadotropin secretion, incidence of adverse effects, or tera- 
togenic activity. 

Learning objective: Describe the pharmacological effects of 
testosterone. 

28. D Several disorders can cause erectile dysfunction, but when 
this is due to hypogonadism, androgen replacement therapy 
is indicated. Androgens can increase erythropoietin synthe- 
sis in the kidney, and this can explain the increased erythro- 
poiesis that occurs with these hormones. Because of this, in 
the past, high doses of testosterone were used in the treat- 
ment of certain types of anemia, but today the direct admin- 
istration of erythropoietin is largely preferred. 

A-C, E Androgens tend to cause effects opposite to those 
listed. 

Learning objective: Describe the adverse effects of anabolic 
steroids. 

29. D Hepatocellular adenoma and carcinoma, although rare, are 
clearly associated with the use of both oral contraceptives 
and alkylated anabolic steroids. The relative risk in those 
exposed for more than 10 years is 100-fold higher than that 
of patients not receiving these drugs. The risk may be even 
higher for athletes than for patients using hormones for 
other purposes, as relatively very high doses are taken to 
increase athletic performance. 

A-C, E, F The risk of these diseases is not increased by the 
use of anabolic steroids. 




learning objective: Outline the use of hormonal contraceptives 
to treat polycystic ovary syndrome. 

30. F Polycystic ovary syndrome is the most common form of 
chronic anovulation associated with androgen excess. It oc- 
curs in 5 to 10%of women of reproductive age, making it the 
leading cause of infertility and the most common endocrine 
abnormality for this age group. The primary defect leading 
to the disease is unknown, but there are at least three poten- 
tial mechanisms that act synergistically: 

• Inappropriate gonadotropin secretion: there is an in- 
creased frequency of gonadotropin-releasing hormone 
(GnRH) secretion leading to an increased luteinizing hor- 
mone (LH) pulse frequency and amplitude; thus no dom- 
inant follicle develops, and no ovulation occurs. 

• Excessive androgen production in the theca cell of the 
ovary leads to hyperandrogenism. 

• Insulin resistance with compensatory hyperinsulinemia 

Estrogen-progestin therapy with a combination hormonal 
contraceptive preparation is the first-line treatment for 
women seeking regular menstrual cycles and relief from 
androgenic symptoms. The hormones suppress the hypo- 
thalamic-pituitary-ovarian axis, including decreasing LH se- 
cretion, thus decreasing androgen production. The pills also 
provide “replacement therapy,” and a cycle of 21 days of ac- 
tive pills followed by 7 days of inactive pills usually normal- 
izes the menstrual cycle. 

A-E Mifepristone and danazol are useless in polycystic 
ovary syndrome 

foaming objective: Identify the main mechanism of contraceptive 
action of daily progestin tablets. 

31. CThe doses of progestin in mini pills are sufficient to block 
ovulation in only 60 to 80% of cycles. The effectiveness of 
these preparations is thought to be mainly related to a com- 
bination of effects, including: increased viscosity of cervical 
mucus, which decreases sperm penetration; a decrease in 
fallopian tube motility (estrogens increase but progestins 
decrease tube motility); and endometrial alterations that 
impair implantation. 

A The corpus luteum is formed from the rupture of ovar- 
ian follicle and produces a large amount of progesterone and 
estrogens. Activation of progesterone receptors in the cor- 
pus luteum has nothing to do with the contraceptive effect. 

B Progestins do not enhance follicle-stimulating hormone 
(FSH) release; if they did, this effect would favor, not inhibit, 
ovulation. 


D Progestins decrease, not increase, the frequency and 
increase the amplitude of pulsatile gonadotropin-releasing 
hormone (GnRH) release. 

E Progestins inhibit, not increase, the contractility of the 
myometrium. 

Learning objective: Identify the drug class to which tamoxifen 

belongs. 

32. D Tamoxifen is a common hormonal adjunct therapy for 
breast cancer because it has been shown that 5-year treat- 
ment reduces annual odds of death by about 25% in both 
pre- and postmenopausal women regardless of axillary lymph 
node involvement. Tamoxifen is classified as a selective es- 
trogen receptor modulator (SERM). SERMs such as tamoxi- 
fen and raloxifene bind to estrogen receptors, but they have 
different allosteric modulation effects than estrogen. The re- 
sult is that the conformational change following SERM bind- 
ing allows them to be agonists in the modulation of some 
genes in some target tissues and antagonists in the modula- 
tion of expression of other genes. Furthermore, each SERM 
has a different spectrum of actions. For example, tamoxifen 
acts as an estrogen antagonist in breast tissue but as an ago- 
nist in bone and endometrial tissue, whereas raloxifene is 
an antagonist in both breast and endometrium tissue but an 
agonist in bone. 

A-C, E, F See correct answer explanation. 

Learning objective: Outline the therapeutic uses of danazol. 

33. EThe signs and symptoms ofthe patient suggest that he was 
affected by hereditary angioedema, a disease caused by he- 
reditary impairment of % esterase inhibitor, a protein that 
regulates activation of the complement, contact, and fibri- 
nolytic systems. C 1 inhibitor is one of the major inhibitors 
ofplasma kallikrein, the contact system protease that cleaves 
kininogen and releases bradykinin. Presumably, uncontrolled 
activation of the contact system allows for the release of 
kinin-like mediators, resulting in edema of subcutaneous or 
submucosal tissues. The disease is estimated to occur in 1 
in 50,000 to 150,000 individuals, with a mortality rate es- 
timated at 15 to 33% resulting from laryngeal edema and 
asphyxiation. 

Chronic androgenic treatment of patients with hereditary 
angioedema effectively prevents the attacks. Androgens most 
likely act by stimulating the hepatic synthesis of C 1 esterase 
inhibitor. Danazol is the drug most frequently used for this 
purpose. 

A-D, F See correct answer explanation. 




Learning objective: Outline the therapeutic use of leuprolide and 

flut amide. 

34. CThe patient’s signs and symptoms suggest prostate cancer, 
and the exam results confirm the diagnosis of metastasized 
prostatic carcinoma. Prostate-specific antigen (PSA) is the 
most used lab test for early detection of prostate cancer, and 
spine metastases with prevalent necrotic lesions are the most 
common metastases ofprostatic carcinoma. The mainstay of 
treatment for metastasized prostate cancer is hormonal 
therapy. Because the cancer is testosterone-dependent, hor- 
monal manipulation focuses on reducing testosterone levels. 
Leuprolide is a synthetic gonadotropin-releasing hormone 
(GnRH) analogue. When administered daily (or as a depot 
preparation) to maintain stable blood levels, it inhibits the 
release of follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH), likely due to downregulation of pituitary re- 
ceptors. This inhibition strongly reduces testicular androgen 
synthesis. Flutamide is an androgen receptor antagonist. 
Combined treatment with these drugs reduces symptoms 
in 70 to 80%of patients, causes an appreciable regression of 
established metastases, and prolongs survival. In contrast, 
cytotoxic chemotherapy has failed to prolong survival in pa- 
tients with advanced prostate cancer. 

A This is a therapy for advanced ovarian cancer. 

BThis is a therapy for acute lymphoblastic leukemia. 

D These drugs are used in hormone receptor-positive 
breast cancer. 

E These drugs are used in Wilms tumor. 

learning objective: Identify the most common adverse effect of 

progestin-only hormonal contraceptives. 

35. D Some women experience breakthrough bleeding while 
taking oral contraceptives, but breakthrough bleeding is the 
most common problem (in up to 25%of patients) in women 
using the progestin-only pill. It is more frequently encoun- 
tered in women taking a low dose of progestins and often 
resolves on its own. If it persists for more than 3 months, the 
best strategy is to switch to a combined oral contraceptive 
with a higher ratio of estrogen to progestin. 

A-C, E All of these adverse effects can occur with combi- 
nation oral contraceptives but are due mainly to the estro- 
gen component of the preparation, and the risk is therefore 
minimal with a progestin-only oral contraceptive. 

learning objective: Describe the main adverse effect of estrogens. 

36. AMany drugs can cause nausea and vomiting in sensitive pa- 
tients. However, the woman was most likely suffering from 
nausea due to the contraceptive preparation, as she had 
been taking the other drugs for some time without adverse 
effects. Nausea from a combined oral contraceptive can gen- 
erally be attributed to the estrogen component (ethinyl es- 
tradiol). It was a common adverse effect and was one of the 


main reasons for discontinuing use of combined contracep- 
tives. Today, with the use of low-dose contraceptive pills, this 
adverse effect is much less common. 

B-E See correct answer explanation. 

Learning objective: Describe the adverse effects of anabolic 

steroids. 

37. FHigh doses of androgens or anabolic steroids, used by ath- 
letes to improve competitive performance, can produce 
oligospermia and reduction in testicular size. This is the con- 
sequence of negative feedback by androgen on the hypothal- 
amus that inhibits the secretion of gonadotropin-releasing 
hormone (GnRH), which in turn causes a corresponding de- 
crease in both follicle-stimulating and luteinizing hormones. 

A-E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of estrogens. 

38. B Estrogen replacement therapy is definitely indicated to 
postpone menopause in young women who undergo abla- 
tion of the ovary. Some risks associated with estrogen re- 
placement therapy (endometrial and ovarian cancer) cannot 
occur in this case because the organs are no longer present. 
Other risks of this therapy (breast cancer and thromboem- 
bolic disorders) are also minimal in this case, because the 
therapy simply restores the physiological levels of estrogens. 

A, C-F See correct answer explanation. 

Learning objective: Outline the noncontraceptive uses of com- 
bined oral contraceptives. 

39. E The patient is most likely suffering from endometriosis, 
an estrogen-dependent inflammatory disease in which func- 
tioning endometrial tissue is present outside the uterine 
cavity. The incidence of the disorder is high, as it is com- 
monly found in 10 to 15%of women between the ages of 
25 and 45 who are actively menstruating. Medical therapy 
of endometriosis usually involves medical suppression of 
ovarian function to arrest the growth and the activity of en- 
dometrial implants. Endometriosis is estrogen-dependent. 
Low-dose oral contraceptives are appropriate initial therapy, 
with the goal of suppressing the endogenous production of 
estrogen. The low dose provided by the pill may offer some 
protection against bone loss without significantly promoting 
endometrial tissue formation. Depot injections of gonado- 
tropin-releasing hormone (GnRH) agonists are an alterna- 
tive therapy for endometriosis. Danazol is also approved for 
this use, but the adverse effect profile is considered to be 
worse than that of low-dose combined oral contraceptives 
or GnRH analogues. 

A Although anastrozole may be useful in treating post- 
menopausal endometriosis by blocking peripheral conver- 
sion of androgens to estrogens, it is not able to fully suppress 
estrogen production in premenopausal women and is not 



effective when used as monotherapy in premenopausal 
women; it has been proposed to use anastrozole in combi- 
nation with a GnRH agonist, such as leuprolide. 

B, C, F These drugs provide luteinizing hormone-like 
(human chorionic gonadotropin and lutropin alfa) and 
follicle-stimulating hormone (urofollitropin) activity and 
would not be useful in the treatment of endometriosis; fur- 
thermore, they potentially could be counterproductive. 

D Tamoxifen is a selective estrogen receptor modulator 
that has estrogen-like actions on endometrial tissues and 
would be contraindicated in this situation. 

Learning objective: Identify the drug that can trigger an acute 
porphyric attack in a genetically predisposed patient. 

40. B The patient was most likely suffering from acute inter- 
mittent porphyria that manifests as intermittent attacks of 
abdominal, mental, or neurologic symptoms. Porphyrias re- 
sult from genetic deficiencies of enzymes in the heme bio- 
synthetic pathway. Alarge number of drugs, especially those 
that can induce hepatic aminolevulinic acid (ALA) synthase 
and cytochrome P-450 enzymes, can precipitate a porphyric 
attack in predisposed patients. These include barbiturates, 
phenytoin, valproate, sulfonamides, rifampin, progesterone, 
and synthetic progestins. Therefore, it is most likely that the 
progestin of the contraceptive pill (norethindrone) was the 
drug that triggered the attack in this patient. 

A, C-E The administration of these drugs is considered 
safe in a patient affected by porphyrias. 


Learning objective: Describe the interaction between rifampin 
and oral contraceptives. 

41. EThe drug currently used to prevent infection in close con- 
tacts of patients with meningococcal meningitis is rifampin. 
Historically, several cases of unexpected pregnancies were 
reported among women taking rifampin, and now it is well 
known that this occurs because rifampin can strongly re- 
duce the plasma concentration of estrogens and progestins 
by inducing their metabolism. 

A, B Ceftriaxone and ciprofloxacin are used to prevent in- 
fection in close contacts of patients with meningococcal 
meningitis, but they are not metabolism inducers. 

C, D Erythromycin and ketoconazole are metabolism in- 
hibitors, not inducers, and they are not used for meningo- 
coccal prophylaxis. 
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Answers and Explanations: V-5 Drugs for Bone Homeostasis 


Questions 1-5 

1. A 

2. K 

3. G 

4. D 

5. C 

Learning objective: Explain the mechanism of action of 
teriparatide. 

6. A Teriparatide is a recombinant analogue of parathyroid hor- 
mone (PTH) with physiological actions equal to those of the 
natural hormone. PTH targets osteoblasts, with the net effect 


on bone being dose-dependent. The effect of excess of PTH is 
a net increase in bone resorption (removal of bone mineral 
and matrix). However, intermittent low doses of PTH increase 
bone formation by increasing osteoblast number and activity 
without stimulating bone resorption. This has led to the ap- 
proval of teriparatide for the treatment of osteoporosis. It 
is currently recommended that teriparatide be reserved for 
those who have proven refractory to other therapies and/or 
patients with a high risk of fractures, as in this case. 

B, C, E PTH induces effects opposite to those listed. 

D Collagen synthesis is not involved in bone turnover of 
mature bone. 



learning objective: Describe the pharmacological effects of vita- 
min D. 

7. ACholecalciferol (vitamin D 3 ), which is a prodrug, is the most 
appropriate therapy for vitamin D deficiency in anyone with 
normalrenal function. Cholecalciferol is metabolized to 25(OH) 
D by the liver and circulates bound to vitamin D-binding pro- 
tein, making it available for conversion to calcitriol. For the 
regulation of calcium homeostasis, the renal conversion of 
calcitriol plays a major role in stimulating intestinal calcium 
absorption, thus adding calcium to the system. Conversion in 
other tissues contributes to noncalcemic effects of calcitriol, 
such as muscle strength and support of the innate immune 
system. 

B Administration of calcitriol as a drug is reserved for cases 
where the body is unable to make calcitriol, as in renal failure, 
because of the risk of hypercalcemia. 

C-ENone of these drugs would address vitamin D deficiency. 

learning objective: Explain the primary mechanism of action of 
calcitriol. 

8. D Intestinal calcium absorption is potently augmented by cal- 
citriol, and this is most likely the main action that mediates 
the therapeutic efficacy of calciferols in osteomalacia. There is 
little evidence that calcitriol directly promotes bone mineral- 
ization. Rather, it is the increased serum calcium level that 
indirectly promotes bone mineralization by decreasing para- 
thyroid hormone-mediated bone resorption. 

A-C, E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of alendronate. 

9. FBisphosphonates are first-line therapy for osteoporosis, and 
adding alendronate to the current regimen is a rational choice, 
as the ongoing therapy failed to prevent the decrease in bone 
mass. 

A This option is irrational. Hydrochlorothiazide is useful 
in osteoporosis because it decreases the renal excretion of 
calcium. 

B Selective estrogen receptor modulators are today preferred 
over estrogens for the therapy of osteoporosis because they 
do not increase the risk of breast and endometrial cancer. 

C Calcitonin is much less effective than bisphosphonates in 
the therapy of osteoporosis. 

D The dose of calcium taken by the patient is the standard 
for calcium supplementation in postmenopausal women. It is 
unlikely that a larger dose would add benefit. 

E Glucocorticoids are contraindicated in osteoporosis be- 
cause they counteract the effects of vitamin D to stimulate 
intestinal calcium absorption. 


Learning objective: Outline the therapeutic uses of seve lamer. 

10. EThe patient was most likely suffering from end-stage renal 
disease, a condition commonly associated with hyperphos- 
phatemia. Sevelamer is a nonabsorbable, calcium- and alu- 
minum-free, polymeric amine that binds dietary phosphate 
within the gastrointestinal tract, thereby preventing phos- 
phate absorption. It has been approved for the management 
of hyperphosphatemia in patients with end-stage renal 
disease. 

A-D These diseases are not associated with hyper- 
phosphatemia. 

Learning objective: Identify the drug used to treat rickets. 

11. A The patient’s signs and symptoms, together with the lab 
results, suggest that he was suffering from rickets, a disease 
that can affect children. Dark-skinned are at greater risk, 
because skin pigmentation blocks ultraviolet irradiation 
needed for synthesis of vitamin D. Rickets is due to vitamin 
D deficiency, which in turn causes deficient mineralization 
of epiphyseal cartilage and osteoid matrix. Vitamin D defi- 
ciency tends to cause hypocalcemia. When this occurs, para- 
thyroid hormone (PTH) production is increased. Thus, the 
serum level of calcium is restored to nearly normal, but hy- 
pophosphatemia persists (due to PTH-mediated increase in 
renal secretion of phosphate), and mineralization of bone is 
impaired. The elevated alkaline phosphatase reflects the in- 
creased osteoblast activity. Cholecalciferol (vitamin D 3 ) sup- 
plementation with adequate calcium and phosphate intake 
is the standard therapy for rickets. 

C Although calcitriol is the active form of vitamin D 3 , it is 
not used for rickets, as its action is short, and it can cause 
hypercalcemia in about 30% of patients. With adequate 
cholecalciferol, the body can regulate the production of ap- 
propriate levels of calcitriol. 

B, D-F See correct answer explanation. 

learning objective: Explain the mechanism of action of chole- 
calciferol. 

12. D Both cholecalciferol (vitamin D 3 ) and ergocalciferol (vita- 
min D 2 ) are prodrugs and need to be transformed in the 
body into active metabolites. The primary active metabolite 
of these vitamins is calcitriol, which binds to vitamin D re- 
ceptors within target cells. The calcitriol-vitamin D receptor 
complex binds to specific recognition sites on DNAto modify 
gene transcription. 

A-C, E, F See correct answer explanation. 




learning objective: Describe the reason for the long duration of 
action ofbisphosphonates. 

13. BBisphosphonates in bones are often retained for months or 
years, and a single injection of zoledronate can be effective 
for up to 1 year in the treatment of osteoporosis. The reason 
for this exceptionally long duration of action is because these 
drugs are incorporated into the hydroxyapatite crystals of 
bone in place of pyrophosphate, thus altering the structure 
of the crystal. When bisphosphonates are released from re- 
sorbed bone mineral, they cause apoptosis ofthe osteoclasts, 
thus reducing the rate of bone resorption and decreasing the 
net bone loss that characterizes osteoporosis. 

A, C-E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of pamidronate 
in bone metastases. 

14. CThe patient’s signs and symptoms, along with the elevated 
alkaline phosphatase, indicated that he was most likely suf- 
fering from hypercalcemia due to metastatic prostate cancer. 
In fact, hyperparathyroidism and cancer, with or without 
metastases, are the two major causes of hypercalcemia, ac- 
counting for over 90%of cases. The disorder occurs in 10 to 
20% of all adults with cancer. Rehydration with saline and 
diuresis with furosemide are the first step in the treatment 
of severe hypercalcemia. Bisphosphonates such as pamidro- 
nate have been approved for the acute treatment of hyper- 
calcemia of malignancy. Because they have a slow onset of 
activity, calcitonin is frequently given concomitantly. 

A Intravenous (IV) sodium phosphate is probably the fast- 
est way to lower serum calcium level, but it is a hazardous 
procedure because of the risk involved (sudden hypocalce- 
mia, ectopic calcification, hypotension, and acute renal fail- 
ure). In light of satisfactory responses to other agents, IV 
sodium phosphate is used only after other methods of treat- 
ment have failed to control hypercalcemia. 

B Hydrochlorothiazide increases, not decreases, serum 
calcium level. 

D Osmotic diuretics such as mannitol are absolutely con- 
traindicated in dehydrated patients. 

EFludrocortisone is used only when dehydration is caused 
by adrenal insufficiency. 

F Cinacalcet decreases parathyroid hormone (PTH) secre- 
tion by activating calcium-sensing receptors in the parathy- 
roid gland. It can decrease PTH-mediated hypercalcemia but 
not cancer-mediated hypercalcemia. The reason is that the 
main humoral factor associated with cancer-related hyper- 
calcemia is PTH-related peptide, whose production is not 
under the control of calcium-sensing receptors. 


Learning objective: Outline the therapeutic uses of calcitonin. 

15. F The patient’s symptoms, together with the high calcium, 
low phosphorus, and high parathyroid hormone (PTH) lev- 
els, are consistent with the diagnosis of primary hyperpara- 
thyroidism. In fact, PTH values are elevated in more than 
90% of parathyroid-related causes of hypercalcemia, unde- 
tectable or low in malignancy-related hypercalcemia, and 
undetectable or normal in high bone turnover causes of hy- 
percalcemia. The approach to medical treatment of hyper- 
calcemia varies with its severity. Mild hypercalcemia (< 12 
mg/dL) can be managed by hydration. More severe hyper- 
calcemia (> 13-14 mg/dL) must be managed aggressively 
because, above those levels, it can be life-threatening. There- 
fore, the more severe the hypercalcemia, the greater the 
number of combined therapies that should be used. The 
mainstay of treatment in patients with normal renal func- 
tion is to increase renal calcium excretion with intravenous 
saline and furosemide, which inhibits calcium reabsorption 
in the thick ascending limb of Henle. Bisphosphonates, which 
are long-lasting inhibitors of bone resorption, have become 
first-line agents for the antiresorptive treatment of hyper- 
calcemia. However, they have a slow onset of action (1 or 2 
days). Calcitonin has a rapid, albeit short-lived, blockade of 
bone resorption. An effect on serum calcium is observed 
within 4 to 6 hours and lasts 6 to 10 hours. Therefore, an 
addition of both calcitonin and pamidronate is the standard 
treatment. 

ACalcitriol is contraindicated in this case because it tends 
to increase serum calcium level; also, calcitriol levels may 
be elevated in this patient secondary to the hyperparathy- 
roidism. 

B Thiazides are contraindicated because they enhance 
calcium reabsorption in the distal convolute tubule. 

C Fluoride stimulates bone formation, but the doses that 
cause hypocalcemia are toxic, and the drug is not used for 
this purpose. 

D Potassium-sparing diuretics have low efficacy and are 
contraindicated in this case, as they tend to enhance calcium 
reabsorption in the distal convolute tubule. 

E Teriparatide is an analogue of parathyroid hormone and 
therefore is contraindicated in a patient with hyperpara- 
thyroidism. 




learning objective: Explain the mechanism of action of calcitonin. 

16. A Calcitonin is a hormone secreted by the parafollicular cells 
of the thyroid. The principal action of the hormone is a di- 
rect inhibition of osteoclastic bone resorption. This action 
is mediated by the activation of calcitonin receptors located 
on osteoclasts, which in turn causes a profound decrease in 
the ruffled border of these cells, thereby inhibiting bone re- 
sorption. Calcitonin is not a first-line agent in the treatment of 
Paget disease of bone, but it can be used as an alternative 
drug when bisphosphonates are not tolerated, as in this case. 

B Although calcitonin may decrease apoptosis of osteo- 
blasts, Paget disease is mainly characterized by uncontrolled 
osteoclastic bone resorption. Therefore, inhibition of osteo- 
clast activity, not stimulation of osteoblast activity, is the 
main action that mediates the therapeutic effect of the drug 
in Paget disease. 

C, D Calcitonin causes actions opposite to those listed. 

E Calcitonin does not directly affect intestinal calcium 
absorption. 

Learning objective: Identify the drug used to treat renal osteo- 
dystrophy. 

17. CThe patient’s high creatinine level points out that he was 
most likely suffering from chronic renal failure, presumably 
due to diabetic nephropathy (the most common cause of 
renal failure in the United States). Chronic renal failure can 
cause renal osteodystrophy, a term used to describe collec- 
tively all the skeletal changes in chronic renal disease. Renal 
osteodystrophy is due to several factors, including loss of 
calcitriol production because the damaged kidney no longer 
contains sufficient renal a l hydroxylase to convert 25(OH)D 3 
into calcitriol. This contributes to secondary hyperparathy- 
roidism due to the resulting hypocalcemia (also, calcitriol 
suppresses parathyroid hormone gene expression). The com- 
bination of hyperparathyroidism and calcitriol deficiency 
leads to the development ofrenal osteodystrophy, which has 
features of both osteomalacia and osteoporosis. In chronic 
renal failure, calcitriol can help alleviate both the hypocal- 
cemia and the bone disease. 

A, B, D, E See correct answer explanation. 

Learning objective: Explain the molecular mechanism of action 
of cinacalcet. 

18. CCinacalcet is the first representative of a new class of drugs 
that activate the calcium-sensing receptor. This receptor is 
widely distributed but has its greatest concentration in the 
parathyroid gland. By activating this receptor cinacalcet in- 
hibits parathyroid hormone (PTH) secretion. Cinacalcet low- 
ers serum PTH levels in patients with normal or reduced 
renal function. The drug is approved for the treatment of sec- 
ondary hyperparathyroidism due to chronic kidney disease 


and for patients with hypercalcemia associated with para- 
thyroid carcinoma. 

A, B, D, E See correct answer explanation. 

Learning objective: Identify the drug used to treat hypocalcemia 
in a patient with liver cirrhosis. 

19. D The symptoms, the lab results, and the history of the pa- 
tient indicate that he was most likely suffering from alco- 
holic cirrhosis. The bone demineralization and low calcium 
levels suggest that liver disease caused an impaired synthe- 
sis of 25(OH)D with the final outcome of osteomalacia. Cal- 
citriol is the most effective agent for hypocalcemia in a 
patient with impaired liver function because it bypasses the 
impaired synthesis of the precursor essential for production 
of calcitriol. Clinically, severe calcitriol deficiency as a conse- 
quence of liver disease is rare because the degree of hepatic 
destruction necessary to impair 25-hydroxylation is incom- 
patible with long-term survival. However, it is not rare when 
the patient also has vitamin D deficiency, which frequently 
occurs in homeless people because of a poor diet. 

A Patients with hypocalcemia already have an increased 
production of parathyroid hormone (PTH). Teriparatide, a 
PTH analogue, can add very little to the therapy. 

B Vitamin D 3 would be only marginally effective because 
of the impairment of liver 25-hydroxylation. 

C Bisphosphonates are absolutely contraindicated in pa- 
tients with hypocalcemia. 

E Calcipotriene, a vitamin D analogue, is used only locally. 

learning objective: Explain the mechanism of action of alen- 
dronate. 

20. D Bisphosphonates are drugs of choice in osteoporosis. They 
are incorporated into the bone mineral and inhibit the activ- 
ity of osteoclasts in a dose-dependent manner. The mecha- 
nism of this inhibition is still incompletely understood and 
likely multifactorial. Amino bisphosphonates such as alen- 
dronate inhibit an enzyme, farnesyl pyrophosphate synthase, 
in the mevalonate pathway that appears to be critical for os- 
teoclast survival. Therefore, promotion of osteoclast apopto- 
sis or death seems an important mechanism ofthe inhibition 
of osteoclast activity. 

A-C, E See correct answer explanation. 

learning objective: Explain the mechanism of action of teri- 
paratide. 

21. A Teriparatide is a recombinant analogue of parathyroid 
hormone (PTH) with physiological actions equal to those of 
the natural hormone. PTH exerts both catabolic and anabolic 
effects on bone. Catabolic effects prevail with chronically 
elevated PTH; there is a net increase in bone resorption. An- 
abolic effects prevail with intermittent low doses of PTH; 
there is a net increase in bone formation (by increasing 




osteoblast number and activity) without stimulating bone 
resorption. This has led to the approval of teriparatide for the 
treatment of osteoporosis. The drug is reserved for advanced 
osteoporosis when bisphosphonate therapy has failed, ex- 
treme bone loss has already occurred, and/or fracture has 
already occurred, as in this case. Teriparatide is the only cur- 
rently available therapy that results in net bone deposition. 

B Estrogens are used for prevention, not for treatment, 
of osteoporosis only in postmenopausal women who need 
estrogen treatment for the management of menopausal 
symptoms. 

C Because alendronate was not effective, the use of an- 
other bisphosphonate would be irrational. Bisphosphonates 
are considered antiresorptive agents as opposed to bone 
anabolic agents. 

D Calcitonin does not consistently decrease hip fracture 
risk and does not increase bone density. 

E Paricalcitol is an analogue of calcitriol, used for the treat- 
ment of secondary hyperparathyroidism in specific stages of 
chronic kidney disease. 

Learning objective: Describe the adverse effects of alendronate. 

22. F When administered orally, bisphosphonates (mainly alen- 
dronate) frequently cause esophageal and gastric irritation. 
Because of this, patients are instructed to take the medica- 
tion early in the morning on an empty stomach with a large 
glass of water and then to stay quiet and upright for 30 min- 
utes to reduce the chance of esophageal irritation. 

A Glucocorticoids can cause gastric irritation, but they are 
contraindicated in osteoporosis. 

B-E These drugs are used for osteoporosis, but their risk 
of esophageal and gastric irritation is very low. 

Learning objective: Outline the therapeutic uses of calcitonin. 

23. A The patient’s signs and symptoms indicate that he was 
most likely affected by Paget disease of bone, a chronic dis- 
order of the adult skeleton characterized by uncontrolled os- 
teoclastic bone resorption with secondary increase in poorly 
organized bone formation. The disease is fairly common, af- 
fecting about 3%of adults over age 40. It is often asymptom- 
atic and usually progresses slowly. Pharmacological therapy 
is indicated (even in the absence of symptoms) when alka- 
line phosphatase is more than 2 to 3 times the normal levels, 
as in this case. Bisphosphonates are first-line agents for this 
disease. Calcitonin is an alternative to bisphosphonates when 
these drugs are contraindicated, as in this case (see answer 
explanation B). 

B Oral bisphosphonates are relatively contraindicated in 
patients with gastrointestinal reflux disease, esophagitis, 
gastritis, and peptic ulcer, as they can cause esophageal and 
gastric irritation. 

C-F These drugs are useless in Paget disease. 


Learning objective: Outline the therapeutic uses of calcium. 

24. D The symptoms and history of the patient indicate that she 
was suffering from severe hypocalcemia secondary to hypo- 
parathyroidism, likely due to accidental damage of parathy- 
roid glands or their circulation during thyroidectomy. The 
treatment of severe hypocalcemia can be best accomplished 
with slow infusion of calcium gluconate (the preferred cal- 
cium salt for intravenous therapy because it is less irritating 
to the vein). 

A Vitamin D can increase calcium levels, but its onset of 
action is too slow for an emergency therapy. 

B, C, E, F All of these drugs are actually contraindicated 
because they decrease serum calcium levels. 

Learning objective: Describe the adverse effects of teriparatide. 

25. D Teriparatide is a recombinant analogue of parathyroid 
hormone (PTH) with physiological actions equal to those 
of the natural hormone. It is used in patients with advanced 
osteoporosis and previous bone fractures. Although hyper- 
calcemia is not a common adverse effect, the hormone acts 
like the natural PTH; it increases renal reabsorption of cal- 
cium and the efflux of calcium from bone into the serum. 
Several cases of teriparatide-induced hypercalcemia have 
been reported in the literature. 

BFurosemide actually decreases serum calcium levels. 

A, C, E These drugs do not affect serum calcium levels. 

Learning objective: Describe the pharmacological effects of teri- 
paratide. 

26. B Teriparatide is a recombinant analogue ofparathyroid hor- 
mone (PTH) with physiological actions equal to those of the 
natural hormone. The drug has been approved for the treat- 
ment of osteoporosis. The primary function of PTH is to 
maintain a constant concentration of Ca 2+ and phosphate in 
the extracellular fluid. The principal processes regulated by 
the hormone are renal Ca 2+ (elevated) and phosphate (de- 
creased) reabsorption and mobilization of bone Ca 2+ . Admin- 
istration of teriparatide will transiently increase the renal 
reabsorption of Ca 2+ after each dose. 

A, CThe drug causes actions opposite to those listed. 

D PTH exerts both catabolic and anabolic effects on bone. 
Chronically elevated PTH enhances bone resorption by in- 
creasing osteoclast activity, but intermittent exposure to low 
levels of the hormone (as occurs with daily injection of low 
doses of teriparatide) increases bone formation without caus- 
ing net bone resorption. 

E The transient increase in serum Ca 2+ after each dose 
would decrease, not increase, PTH secretion. 




Learning objective: Explain the mechanism of action of 

denosumab. 

27. CDenosumab is a monoclonal antibody with affinity for re- 
ceptor activator of nuclear factor k b ligand (RANKL). In bone, 
osteoclast formation is regulated by an osteoclast receptor 
protein called RANK (receptor activator of nuclear factor k b ). 
The natural ligand of RANK, called RANKE is a soluble pro- 
tein produced by osteoblasts. On binding to RANK, RANKL 
induces osteoclast formation. 

Denosumab binds and neutralizes RANKL. In this way, os- 
teoclast formation and bone turnover are decreased. The 
drug is at least as effective as bisphosphonates in inhibiting 
bone resorption. 

A, B, D, ENone of these processes is affected by denosumab. 

Learning objective: Outline the therapeutic uses of seve lamer. 

28. B The laboratory results show a pronounced hyperphos- 
phatemia, most likely due to advanced renal insufficiency. 
Sevelamer is a nonabsorbable, calcium- and aluminum-free, 
polymeric amine. The drug binds dietary phosphate within 
the gastrointestinal tract, thereby preventing phosphate ab- 
sorption. It has been approved for use as an oral agent for the 
management of hyperphosphatemia in patients with end- 
stage renal disease, as in this case. 

A, C, D These drugs tend to reduce serum calcium levels 
and are therefore contraindicated in hypocalcemia. 

E Vitamin D is useless in this case because the kidney 
has lost the ability to transform the drug into the active 
metabolite. 

Learning objective: Identify a drug used to treat plaque psoriasis. 

29. C The patient’s signs and symptoms indicate that he was 
most likely affected by plaque psoriasis, a common skin dis- 
order that affects 1 to 5%ofthe population worldwide. The 
disease is diagnosed most often by clinical appearance and 
distribution of lesions. Arthritis develops in up to 30%of 
patients, as in this case (see the swollen and tender joints). 
Calcitriol analogues were discovered to be effective in the 
treatment of psoriasis. However, oral calcitriol has limited 
usefulness due to hypercalcemia associated with the large 
doses often needed for therapy. Topical calcipotriene, a cal- 
citriol analogue, provides a safe and effective alternative to 


oral calcitriol. It induces normal keratinocyte proliferation 
and differentiation. Marked improvement of psoriasis is gen- 
erally noted following 2 weeks of therapy, with continued 
improvement for up to 8 weeks of treatment in up to 70%of 
patients, although lesions can recur within 2 to 3 months 
following discontinuance of treatment. Clinical trials com- 
paring calcipotriene with other antipsoriatic agents have 
demonstrated that calcipotriene is at least as effective as 
topical glucocorticoids. 

A Glucocorticoids, not mineralocorticoids, are used for 
psoriasis. 

B, D, E, F See correct answer explanation. 

Learning objective: Identify the site of action of cinacalcet. 

30. CThe patient was diagnosed with severe renal insufficiency. 
Virtually all patients with renal failure have secondary hy- 
perparathyroidism to some degree. These patients usually 
have a low-normal calcium level and high phosphate level, 
as in this case. Alternatively, phosphate levels are usually 
low when secondary hyperparathyroidism is due to vitamin 
D deficiency. Cinacalcet is the first representative of a new 
class of drugs that activate the calcium-sensing receptor. 
This receptor is widely distributed but has its greatest con- 
centration in the parathyroid gland and in the kidney. By 
activating the calcium-sensing receptor, cinacalcet inhibits 
parathyroid hormone secretion. Cinacalcet is approved for the 
treatment of secondary hyperparathyroidism due to chronic 
kidney disease. Because the drug can rapidly cause hypo- 
calcemia, it should not be used for patients with a serum 
calcium level below 8.4 mg/dL. 

A, B, D, E See correct answer explanation. 
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learning objective: Identify the main risk for a diabetic patient 
under tight glycemic control. 

8. D A large, long-term study has shown that tight control of 
blood glucose using multiple insulin injections or an insulin 
pump is associated with a lower incidence of long-term 
complications from diabetes. However, intensively treated 
patients had a threefold greater risk of hypoglycemia. 

A, C These pathologic conditions are decreased, not in- 
creased, in patients with tight control of blood glucose. 

B Hypertension is not affected by tight control of blood 
glucose. Another study, however, has shown that a tight 
control of hypertension has a beneficial effect on diabetic 
microvascular complications. 

E Tightly controlled diabetic patients have an increased 
risk of weight gain, not weight loss. 

F Allergic reactions to insulin are not dose-dependent, so 
it is unlikely that they are affected by tight control of blood 
glucose. 

learning objective: Describe the molecular mechanism of action 
of insulin. 

9. B Insulin binds to a specific transmembrane, tyrosine kinase- 
linked receptor located in the cell membranes of most tis- 
sues. The receptor consists of two a subunits linked to two 
p subunits. Insulin binding to the a subunits causes the acti- 
vation of the p-receptor subunit, which contain tyrosine ki- 
nase. The enzyme is phosphorylated, which in turn activates 
a cascade of downstream signaling events that ultimately 
lead to a hypoglycemic effect. 

A, C-E All of these actions would increase, not decrease, 
blood glucose levels. 

Learning objective: Outline the therapy of diabetic ketoacidosis. 

10. E Metabolic conditions may be the result of recent injuries, 
or they may be the cause of altered consciousness leading 
to the traumatic event, as in this patient. Most likely the girl 
had undetected diabetes that led to her involvement in the 
accident. The marked hyperglycemia, glycosuria, and ketosis 
indicate that the patient has diabetic ketoacidosis and there- 
fore must receive intravenous (IV) regular insulin at once. 

A Latent diabetes can lead to hyperosmolar coma, which 
should be treated with IV regular insulin. However, the pa- 
tient was not unconscious, and the ketotic bodies in the 
urine indicate that the most likely diagnosis is diabetic keto- 
acidosis. 

B Acute renal failure can result from a motor accident. 
However, the lab results do not indicate kidney insufficiency. 

C Acute liver failure can occur after trauma, but the pa- 
tient has no signs or symptoms of acute liver failure. 


D Even if the patient is acidotic (see the very low bicar- 
bonate level), acidosis is due to diabetes and therefore is 
metabolic, not respiratory. In fact, respiratory frequency is 
increased in this patient. 

Learning objective: Identify the appropriate drug to treat gesta- 
tional diabetes. 

11. D Gestational diabetes mellitus is defined as any glucose in- 
tolerance that develops or is recognized during pregnancy, 
regardless of severity or time of onset. Gestational diabetes 
affects about 4%of all pregnancies in the United States and 
is the most common maternal medical complication during 
pregnancy. Because gestational diabetes carries several risks 
for both the mother and the offspring, treatment is manda- 
tory. Most gestational diabetics can control their glucose 
level with diet and regular exercise; drug therapy is needed 
only if these procedures are failing, as in this case. Insulin is 
the hypoglycemic drug of choice during pregnancy because 
it does not cross the placenta and has an established safety 
record for both mother and fetus. 

A-C, E Although recent evidence suggests that glyburide 
or metformin can be effective in diabetes during pregnancy, 
most authorities believe that oral antidiabetic agents should 
be used during pregnancy only in the setting of approved 
clinical trials. 

learning objective: Describe the pharmacokinetics of different 
insulin preparations. 

12. E Insulin glargine is a long-acting insulin analogue that was 
designed to provide a broad plasma concentration plateau. It 
has an onset of action of 1 to 4 hours, achieves a maximum 
effect after 4 to 6 hours, and can maintain this effect for over 
24 hours. It is usually given once daily to provide basal levels 
of insulin. 

A-D See correct answer explanation. 

Learning objective: Identify the drug used in a child with new- 
onset type 1 diabetes. 

13. A The age, symptoms, lab values, and history of the patient 
indicate that he was most likely suffering from type 1 diabe- 
tes. An acute viral illness can trigger autoimmune destruc- 
tion of the pancreas in genetically susceptible individuals. 
Because of the markedly diminished insulin levels associated 
with type 1 diabetes, insulin is crucial to the survival of these 
patients. 

B-F Oral hypoglycemic agents are not useful in type 1 
diabetes. 




learning objective: Describe the main daily insulin regimens for 
type 1 diabetes. 

14. A Endocrinologists have developed a variety of insulin regi- 
mens that are intended to mimic the release of insulin from 
the pancreas. The general goal of these insulin regimens is 
to provide a basal level ofinsulin over 24 hours and to supply 
additional mealtime insulin coverage. This can be done by 
administering a rapid-acting insulin at meals and a long- 
acting insulin at bedtime to ensure basal coverage for the 
following 24 hours. 

B Aregular insulin at breakfast cannot supply a basal level 
ofinsulin over 24 hours. Moreover, rapid-acting insulins such 
as lispro are given to control postprandial hyperglycemia; 
administration at bedtime is irrational. 

CNPH (neutral protamine Hagedorn) insulin at breakfast 
and lunch can supply a basal level of insulin over 24 hours 
but cannot control postprandial hyperglycemia. 

D This regimen cannot provide a basal level ofinsulin over 
24 hours. 

Elnsulin glargine alone cannot controlpostprandialhyper- 
glycemia. 

learning objective: Explain the mechanism of insulin-glucocorticoid 
interaction. 

15. B In a diabetic patient on insulin therapy, the daily dose of 
insulin is often increased when a new therapy is started 
with a drug that can cause hyperglycemia, especially if the 
new drug is given in high doses, as in this case. 

A See correct answer explanation. 

C-E These drugs are approved for type 2 diabetes, as they 
can increase insulin synthesis and release. They are of very 
little value in type 1 diabetes, where the insulin synthesis is 
already severely decreased or absent. 

Learning objective: Outline the appropriate therapy for a diabetic 
patient on insulin treatment, when an acute infection supervenes. 

16. A Insulin requirement always increases in the presence of 
stressful situations, including acute illnesses. This is, at least 
in part, because of hyperglycemia brought about by the high 
plasma cortisol levels associated with stress. 

B, D These antibiotics are not effective against Mycoplasma 
pneumoniae or Chlamydia pneumoniae , the most frequent 
causative agents of atypical pneumonia. 

C, E Because insulin requirement is increased, the best 
course of action is to increase the daily insulin dosage, not 
to add an oral antidiabetic agent. 

learning objective: Explain the mechanism ofaction ofrepaglinide. 

17. ERepaglinide is a meglitinide derivative with mechanisms 
of action very close to those of sulfonylureas. The main 


mechanism is stimulation ofinsulin release, most likely due 
to the drug-induced closure of adenosine triphosphate (ATP)- 
dependent K + channels. This causes a membrane depolar- 
ization, which in turn opens voltage-gated Ca 2+ channels, 
allowing Ca 2+ -mediated exocytosis ofinsulin. 

A-D, F All of these actions would decrease the hypergly- 
cemia, but they are not elicited by repaglinide. 

Learning objective: Describe the actions of insulin on lipid 

metabolism. 

18. C Insulin influences lipid metabolism in both the liver and 
adipose tissue. In the liver, insulin favors esterification of 
fatty acids with glycerol, thus forming triglycerides. In adi- 
pose tissue, insulin affects lipid metabolism by the following 
actions: 

• It promotes the breakdown of glucose to a-glycerol phos- 
phate that is used to synthesize triglycerides. 

• It inhibits the activity of hormone-sensitive triglyceride 
lipase, the enzyme that mediates the conversion of stored 
triglycerides to fatty acids. 

• It increases the synthesis of lipoprotein lipase, the enzyme 
that is transferred to endothelial cells where it cleaves tri- 
glycerides into glycerol and fatty acids. 

A, B, D, E Insulin elicits actions opposite to those listed. 

learning objective: Explain the mechanism of action of glyburide. 

19. C Sulfonylureas such as glyburide act by binding to a specific 
receptor that is closely linked to the adenosine triphosphate 
(ATP)-sensitive K + channels in pancreatic (3-cell membranes. 
This causes a blockade of the efflux of K + , which in turn leads 
to membrane depolarization. Voltage-gated Ca 2+ channels 
open in response to depolarization, thus increasing intra- 
cellular Ca 2+ concentrations. This increased concentration 
ultimately stimulates the release ofinsulin by exocytosis. 

A, D, F Acarbose, metformin, and pioglitazone can be used 
in the treatment of type 2 diabetes, but none of them have 
the described mechanism of action. 

B, E Insulin and exenatide are not orally active. 

Learning objective: Identify the oral antidiabetic drug that can 

cause hypoglycemia in a diabetic patient. 

20. C The low glucose level indicates that the behavior and 
symptoms of the patient are due to hypoglycemia; that is, 
they are neuroglycopenic symptoms. These symptoms are 
more frequent in older patients under antidiabetic treat- 
ment. In fact, sulfonylureas account for almost all cases of 
drug-induced hypoglycemia in individuals older than 60. 

A, B, D These drugs are considered euglycemic, not hypo- 
glycemic, because they do not cause hypoglycemia when 
given alone. 




E Exenatide is a glucagon-like polypeptide 1 (GLP-1) re- 
ceptor agonist. It is a peptide and therefore is given by the 
parenteral route only. Moreover, it does not cause hypogly- 
cemia when given alone. 

Learning objective: Describe hypoglycemic coma due to excessive 
alcohol consumption in a diabetic patient. 

21 . B The patient’s signs (unconsciousness, sweating, hypother- 
mia, tachycardia, and tonic-clonic seizure) and his history 
(alcoholic and insulin treatment) indicate that he was suf- 
fering from hypoglycemic coma. Hypoglycemia often occurs 
in alcoholics, likely due to a combination of starvation and 
impaired liver gluconeogenesis. In this case, the insulin treat- 
ment most likely made the patient even more sensitive to 
the hypoglycemic effects of alcohol, thus precipitating the 
hypoglycemic coma. 

A, C, D Signs of hyperglycemia and ketoacidosis are differ- 
ent (often opposite) to those shown by the patient. 

E Signs of an anaphylactic reaction are different from 
those shown by the patient. 

F Hyperosmolar coma can follow an excessive dose of al- 
cohol. Signs of this coma are different from those shown by 
the patient. 

Learning objective: Describe the pharmacological actions of 
insulin. 

22. B Insulin increases glycolysis and decreases glycogenolysis 
and gluconeogenesis in the liver. The final effect is a decrease 
of glucose production and an increase of glucose utilization. 

A, C-E See correct answer explanation. 

Learning objective: Outline the addition of a second antidiabetic 
agent in type 2 diabetes when a single agent fails to control the 
disease. 

23. A The patient’s serum values indicate that the control of his 
diabetes was no longer adequate. When a single oral anti- 
diabetic agent fails to control the disease, a second oral agent 
should be added to the therapy. Many combinations of anti- 
diabetic agents can be used. The key is that they should have 
different mechanisms of action. Because the patient was on 
metformin, the addition of a sulfonylurea is appropriate. 

B, C Substitution of an oral antidiabetic agent with an- 
other usually does not produce any significant change in gly- 
cemic control. 

D Diabetes is a progressive condition, and most patients 
with type 2 diabetes eventually require insulin. However, 
insulin is usually added to, not substituted for, oral agents 
when diabetic control is not achieved. 

E Because the patient’s total cholesterol is low, lovastatin 
is not needed. 


Learning objective: Explain the molecular mechanism of act ion of 

metformin. 

24. D Biguanides such as metformin cause activation of ade- 
nosine monophosphate (AMP)-activated protein kinase, an 
enzyme that acts as a sensor of cellular energy status in all 
eukaryotic cells. The enzyme is activated when cellular en- 
ergy stores are reduced or when biguanide drugs are admin- 
istered. Its activation in turn causes 

• Inhibition of gluconeogenesis and lipogenesis 

• Stimulation of glucose uptake and utilization (glycolysis) 

• Stimulation of fatty acid oxidation 

• Reduction of plasma glucagon levels 

The net result is increased glycogen storage in skeletal mus- 
cle, decreased glucose production by the liver, and decreased 
hyperglycemia. 

A-C, E All of these actions would decrease hyperglycemia, 
but they are not elicited by metformin. 

Learning objective: Outline the main contraindications to sul- 

fonylureas. 

25. A Glyburide is a sulfonylurea-derivative antidiabetic drug. 
Sulfonylureas are sulfa drugs (i.e., they have a sulfur group 
in their molecule), and are therefore contraindicated in pa- 
tients with a history of previous severe allergic reaction to 
sulfonamides, as in this case. 

B-E These oral antidiabetic agents are not sulfa drugs. 

learning objective: Describe the adverse effects of metformin. 

26. B The patient’s symptoms and the lab data indicate that she 
was suffering from lactic acidosis, a serious adverse effect of 
biguanides. Lactic acidosis is extremely rare, but it can result 
from metformin overdose, especially in patients with renal 
insufficiency (the drug is all eliminated by the kidney), as in 
this case. The syndrome is highly lethal (50%mortality) and 
seems to be due to drug-induced inhibition of gluconeogen- 
esis, which in turn impairs the hepatic uptake of lactic acid. 

A, C-F Overdose of these drugs does not cause lactic 
acidosis. 

learning objective: Describe the main contraindications to the 

use of metformin. 

27. B Biguanides can cause lactic acidosis and therefore are rel- 
atively contraindicated in all conditions that predispose to 
acidosis. This patient is suffering from chronic obstructive 
pulmonary disease and is under treatment with an angio- 
tensin-converting enzyme (ACE) inhibitor. The respiratory 
disease predisposes to respiratory acidosis, and ACE inhibi- 
tors predispose to metabolic acidosis because they lower 
aldosterone serum levels. 

A, C-E None of these drugs are contraindicated in this 
patient. 



Learning objective: Describe the pharmacokinetics of different 
insulin formulations. 

28. A Insulin formulations differ one from another in the ab- 
sorption rate of the drug from subcutaneous tissue, which in 
turn affects the duration of action of the drug. The variation 
in absorption is accomplished in the following ways: 

• Modification of the insulin molecule (by recombinant 
technology) 

• Conjugation of insulin with protamine in a low soluble 
complex. After injection, proteolytic enzymes degrade 
protamine, allowing absorption of insulin. 

• Combination of insulin with zinc to form zinc salts. After 
injection, the salt precipitates, and insulin is slowly 
released. 

B, C These properties refer to the elimination of the drug 
and therefore are not affected by variations in the rate of 
absorption. 

D The distribution of a drug is not affected by variation 
in absorption. 

EThe oral bioavailability of all insulin preparations is zero. 

Learning objective: Explain the molecular mechanism of action 
of pioglitazone. 

29. F Pioglitazone is a thiazolidinedione derivative. Thiazoli- 
dinediones act by binding to a nuclear receptor called peroxi- 
some proliferator activated receptor gamma (PPAR-y), which 
is located mainly in adipose tissue, skeletal muscle, and liver. 
The receptor regulates the transcription of several insulin- 
responsive genes. The overall effect is an enhancement of 
tissue sensitivity to insulin (i.e., a reduction in insulin resis- 
tance). Therefore, the need for exogenous insulin is reduced. 
Because of this, they are called insulin sensitizers. 

AThis is the mechanism ofmiglitol. 

B This is the mechanism of sulfonylureas 
C This is the mechanism of sitagliptin. 

D This is the mechanism of exenatide. 

EThis is the mechanism of metformin. 

Learning objective: Describe the main adverse effects of thiazo- 
lidinedione s. 

30. D The patient’s signs and symptoms indicated that he was 
suffering from edema, weight gain, and initial heart failure. 
Pioglitazone is a thiazolidinedione derivative. Most common 
adverse effects of these drugs are edema (up to 27%), weight 
gain (up to 14%), and upper respiratory tract infections (up 
to 15%). In addition, they can cause heart failure, mainly in 
at-risk patients; these patients should be closely monitored. 

A-C, E These drugs do not cause all of the signs and symp- 
toms reported by the patient. 


Learning objective: Describe the insulin resistance in a diabetic 
patient. 

31. EThe simultaneous elevation of blood glucose and insulin 
levels is strongly suggestive of insulin resistance. Insulin 
resistance can develop especially in diabetics who have a 
clustering of cardiovascular risk factors, including hyperten- 
sion, abdominal obesity, and dyslipidemia. The association 
of insulin resistance with the above-mentioned clustering 
has been referred to by a variety of names, including insulin 
resistance syndrome, metabolic syndrome, and dysmetabolic 
syndrome. The prevalence of this syndrome is more than 
30%oin the US population. An estimated 75%>of patients with 
type 2 diabetes have metabolic syndrome, as in this case. 
The syndrome is strongly associated with an increased risk 
of cardiovascular diseases. 

A Metformin can cause lactic acidosis, but symptoms of 
this disorder (vomiting, lethargy, hyperventilation, hypoten- 
sion) are absent in this patient. 

BBecause the patient has hyperglycemia and insulin resis- 
tance, a hypoglycemic reaction is quite unlikely. 

C The patient is at increased risk of unstable angina, but 
symptoms of unstable angina are absent in this patient. 

D The signs and symptoms of ketoacidosis are absent in 
this patient. 

learning objective: Describe the main contraindications to the 
use of metformin. 

32. EThe patient’s symptoms and serum values indicate that 
he was most likely suffering from kidney failure (see high 
creatinine and blood urea nitrogen [BUN] values), a frequent 
complication of long-standing diabetes and hypertension. 
Metformin is excreted as such by the kidney and is therefore 
absolutely contraindicated in a patient with renal failure. 

A-D These drugs are not contraindicated in renal failure. 

Learning objective: Outline the appropriate pharmacotherapy to 
treat a prediabetic state with high cholesterol and triglycerides. 

33. BThe absence of subjective symptoms and the values of fast- 
ing blood glucose and glycated hemoglobin (HbAlc; both 
are in the prediabetic range) indicate that the patient was 
most likely suffering from prediabetes, a state in which some, 
but not all, of the diagnostic criteria for diabetes are met. 
Prediabetes is also called impaired glucose tolerance (IGT) or 
impaired fasting glucose (IFG), depending on the test used to 
measure blood glucose levels. Having prediabetes puts the 
patient at higher risk for developing type 2 diabetes. People 
with prediabetes are also at increased risk for developing 
cardiovascular disease. Newly diagnosed prediabetic states 
are normally managed with diet and physical activity, but 




when dyslipidemia is also present, a pharmacotherapy is 
usually administered. Metformin can decrease serum tri- 
glycerides by 15 to 20% and serum cholesterol by 10% In 
addition, it can decrease body weight and is therefore ap- 
propriate for obese patients, as in this case. 

A, C-E See correct answer explanation. 

learning objective: Describe the actions of insulin on glucose 

metabolism. 

34. B Insulin influences glucose metabolism mainly in liver, adi- 
pose tissue, and muscle. In liver and muscle, the hormone 
increases glycogen synthase activity, thus increasing glyco- 
gen synthesis. 

A Glucose enters the hepatocyte from the blood through 
glucose transporter 2 (GLUT2), whose activity is not influ- 
enced by insulin. 

C-E Insulin elicits actions opposite to those listed. 

learning objective: Explain the mechanism of action ofacarbose. 

35. B Acarbose and miglitol are inhibitors of a-glucosidase, an 
enzyme located on the brush border of intestinal cells that 
is involved in the breakdown of starches and disaccharides 
into simple sugars. Inhibition of this enzyme slows the ab- 
sorption of carbohydrates from the gastrointestinal tract and 
blunts the rate of rise of postprandial glucose. 

A This is a liver enzyme that catalyzes the first step in 
gluconeogenesis. 

C This is a liver enzyme that phosphorylates glucose to 
glucose-6-phosphate. 

D, E These are adipocyte enzymes involved in lipid me- 
tabolism. 

learning objective: Explain the molecular mechanism of act ion of 

exenatide. 

36. D Exenatide is a glucagon-like polypeptide- 1 (GLP-1) recep- 
tor agonist. GLP-1 is one of the so-called incretin hormones, 
a group of small intestinal peptides that are released after 
meals and stimulate “glucose-activated” insulin secretion. 
This ultimately decreases fasting and postprandial glucose 
excursions, thus avoiding the risk of hyper- or hypoglycemia. 
Other useful effects of the drug are suppression of glucagon 
secretion, slowing gastric emptying (thus slowing the rate of 
glucose entry into the circulation), and decreased appetite, 
which in turn can cause weight loss. Exenatide is therefore 
especially useful in obese diabetic patients, as in this case. 

A-C, E, F See correct answer explanation. 


Learning objective: Outline the therapeutic uses of glucagon. 

37. CThe patient’s history and symptoms indicate that he was 
suffering from hypoglycemic coma. Hypoglycemia is a seri- 
ous and often life-threatening complication of diabetes man- 
agement, especially in children. The major use of glucagon 
is for emergency treatment of severe hypoglycemic reactions 
when unconsciousness precludes oral feeding and intrave- 
nous glucose is not available, as in this case. The drug is usu- 
ally given intramuscularly, most frequently by a patient’s 
family member who is trained to administer the drug. Be- 
cause the action of glucagon is transient, patients should be 
given glucose as soon they regain consciousness. 

A, B, D-F See correct answer explanation. 

Learning objective: Describe the adverse effects of a-glucosidase 

inhibitors. 

38. C Miglitol is an a-glucosidase inhibitor. These drugs are ap- 
proved for people with type 2 diabetes as monotherapy and 
in combination with other oral antidiabetic drugs. The pa- 
tient’s symptoms are classic adverse effects of a-glucosidase 
inhibitors, which occur in more than 50%of subjects at the 
start of the therapy. These drugs decrease the absorption of 
monosaccharides from the duodenum and upper jejunum 
by inhibiting the enzyme that is involved in the breakdown 
of starches into simple sugars. The adverse effects are due 
to fermentation of unabsorbed carbohydrates in the small 
intestine. 

A, B, D-F These drugs do not cause the collection of symp- 
toms reported by the patient. 

learning objective: Outline the therapeutic uses of metformin. 

39. CThe symptoms of the patient and the lab results indicate 
that he his most likely suffering from type 2 diabetes melli- 
tus, which is characterized by defects in insulin secretion, 
resistance to insulin action, and increased hepatic glucose 
production. Obese individuals constitute 60 to 90% of the 
type 2 diabetic population. A stepped care approach to type 
2 diabetes mellitus indicates lifestyle modifications in case 
of a fasting plasma glucose less than 240 mg/dLand no or 
mild symptoms. If this goal is not achieved, monotherapy 
should be initiated with any oral antidiabetic drug. Met- 
formin is the first-line agent for type 2 diabetes. Moreover, 
the serious allergic reaction to sulfonamides contraindicates 
the use of sulfonylureas in this patient. 

A To try strict dietary control would be useless in this pa- 
tient because of the history of repeated past failures. 

B See correct answer explanation. 

D, E Insulin should be used in type 2 diabetes only when 
control is not achieved with oral antidiabetic drugs. 



Learning objective: Describe the actions of insulin on lipid me- 
tabolism. 

40. Alnsulin stimulates the synthesis ofproteins and simultane- 
ously reduces the degradation of proteins within the liver. 
The general mechanisms of these effects are still not well 
defined, but they are most likely mediated by the following 
insulin actions: 

• Increased amino acid transport into cells 

• Phosphorylation of several insulin receptor substrate 
docking proteins (IRSs) in cell cytosol 

B-E Insulin elicits actions opposite to those listed. 
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VI Respiratory, Gastrointestinal, 
and Hematopoietic Systems 

Questions: VI-1 Drugs for Bronchospastic Disorders 


Directions for questions 1-4 

Match each respiratory drug with the appropriate description 
(each lettered option can be selected once, more than once, or not 


at all). 


A. 

Acetylcysteine 

B. 

Albuterol 

C 

Beclomethasone 

D. 

Codeine 

E. 

Dextromethorphan 

F. 

Dornase alfa 

G. 

Ipratropium 

H. 

Omalizumab 

I. 

Salmeterol 

J. 

Theophylline 

K. 

Zafirlukast 

L 

Zileuton 


Difficulty level: Easy 

1. Along-acting (3, adrenoceptor agonist 

Difficulty level: Easy 

2. An opioid derivative with no addiction liability, used as an 
antitussive 

Difficulty level: Easy 

3. A bronchodilator drug that can block Nn acetylcholine re- 
ceptors 

Difficulty level: Easy 

4 . A drug that blocks high-affinity immunoglobulin E (IgE) re- 
ceptors of sensitized mast cells 

Difficulty level: Medium 

5 . A5 1-year old man was admitted to the hospital with an asth- 
matic attack. The man had been suffering from seasonal 
asthma for 1 year. On questioning, he reported that he took 
two aspirin tablets the previous evening for a headache. A 
diagnosis of drug hypersensitivity was made, an appropriate 


therapy was instituted, and later he was discharged from the 
hospital. Which of the following treatments would be most 
appropriate for his postdischarge therapy? 

A. Oral zafirlukast 

B. Oral triamcinolone 

C Parenteral ipratropium 

D. Oral theophylline 

E. Parenteral salmeterol 

Difficulty level: Medium 

6. A34-year-old woman who has been suffering from persistent 
asthma for 4 years was admitted to the emergency depart- 
ment because ofimpending respiratory failure. She was treated 
with oxygen, nebulized albuterol, intravenous (IV) theophyl- 
line, and IV hydrocortisone. A half hour later, a substantial 
clinical improvement was noted. Blockade of which of the fol- 
lowing receptors most likely contributed to the bronchodilat- 
ing effect of theophylline in this patient? 

A. M 3 cholinergic 

B. Adenosine A 1 
C Leukotriene B 4 

D. Thromboxane 

E. Beta-2 adrenergic 

F. Prostaglandin I 2 

Difficulty level: Medium 

7. A 34-year-old asthmatic man was brought to the emergency 
department with a severe asthma exacerbation. The patient’s 
forced expiratory volume in 1 second (FEVj) did not improve 
upon administration of inhaled albuterol, and the attending 
physician decided to administer parenteral triamcinolone. 
Which of the following would be the most likely benefit pro- 
vided by parenteral glucocorticoids in this setting? 

A. Direct bronchodilation 

B. Decreased sympathetic tone of airway smooth muscle 

C. Increased mucociliary clearance 

D. Increased bronchial responsiveness to albuterol 

E. Improved diaphragmatic performance 
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Difficulty level: Easy 

8. A 51 -year-old woman with a long history of chronic ob- 
structive pulmonary disease was admitted to the hospital 
for an acute exacerbation ofher disease. The patient’s med- 
ications on admission were inhaled ipratropium and oral 
theophylline. Which of the following molecular actions on 
bronchial smooth muscle most likely contributed to the 
bronchodilating effect of theophylline in this patient? 

A. Inhibition of phosphodiesterase 4 (PDE 4 ) 

B. Inhibition of catecholamine release 
C Stimulation of nitric oxide release 

D. Activation of (3 0 adrenoceptors 

E. Activation of adenosine receptors 

Difficulty level: Medium 

9 . A 3-day-old baby girl born after 30 weeks of pregnancy had 
five episodes of apnea. The episodes lasted about 30 seconds 
and required oxygen administration. Between apneic spells, 
the neonate appeared well, and physical examination and lab 
tests were normal for gestational age. An appropriate ther- 
apy was started that included intravenous administration 
of theophylline. Which of the following actions most likely 
mediated the therapeutic effect of the drug in this patient? 

A. Bronchodilation 

B. Inhibition of mucociliary clearance 

C Stimulation of the medullary respiratory center 

D. Stimulation of diaphragm contractility 

E. Inhibition of catecholamine release 

Difficulty level: Easy 

10 . A 69-year-old man complained to his physician of a cough 
that had been increasing over the past few days. The man 
had a 40-pack-year history of cigarette smoking and had 
been suffering from chronic obstructive pulmonary disease 
for 10 years. He was currently on ipratropium and albuterol. 
The physician decided to add theophylline to the regimen, 
but he knew that in this patient the clearance of theophyl- 
line would probably be increased. Which of the following 
factors most likely caused an increased theophylline clear- 
ance in this patient? 

A. Chronic lung diseases 

B. Age over 65 

C Concomitant albuterol treatment 

D. Smoking 

E. Concomitant ipratropium treatment 


Difficulty level: Easy 

11 . A43-year-old woman with a long history of severe persistent 
asthma was admitted to the emergency department with 
serious labored respiration. Physical examination showed a 
distressed patient with dyspnea and severe cyanosis. Vital 
signs were blood pressure 140/90 mm Hg, heart rate 130 
bpm, respirations 30/min. The patient’s cyanosis indicated 
a serious ventilation/perfusion mismatch, and inhaled al- 
buterol, given immediately, was able to improve cyanosis and 
to decrease dyspnea. Which of the following actions most 
likely mediated these drug effects in the patient’s disorder? 

A. Increased bronchial secretions 

B. Decreased pulmonary perfusion 
C Increased pulmonary ventilation 

D. Decreased pulmonary artery pressure 

E. Increased mucociliary clearance 

Difficulty level: Easy 

12 . A45-year-old man had been suffering from chronic obstruc- 
tive pulmonary disease that was not adequately controlled 
by inhaled salmeterol and ipratropium. His physician de- 
cided to add a third drug that is thought to act by multiple 
mechanisms, including inhibition of phosphodiesterase 4 in 
inflammatory cells and enhancement of histone deacetyla- 
tion. Which of the following drugs was most likely added to 
the patient’s therapeutic regimen? 

A. Ipratropium 

B. Salmeterol 
C Zileuton 

D. Zafirlukast 

E. Theophylline 

Difficulty level: Medium 

13 . A59-year-old man with a long history of chronic obstructive 
pulmonary disease recently had theophylline added to his 
therapeutic regimen. Which of the following actions most 
likely occurred during the first days of the new therapy? 

A. Decreased cardiac contractility 

B. Dilation of cerebral blood vessels 
C Decreased diuresis 

D. Increased gastric secretion 

E. Depression of the respiratory center 

Difficulty level: Hard 

14 . A 45-year-old man with a long history of chronic severe 
asthma was admitted to the emergency department with 
extreme dyspnea and wheezing. His medical history was 
significant for a recently diagnosed duodenal ulcer. Current 
medications included inhaled albuterol, beclomethasone, 
and ipratropium on a chronic basis. Vital signs were heart rate 



130 bpm, blood pressure 140/90 mm Hg, respirations 3 0/m in. 
An electrocardiogram showed sinus tachycardia with occa- 
sional premature ventricular contractions. Which of the fol- 
lowing two events most likely contributed to the patient’s 
arrhythmia? 

A. Ipratropium dosage and the hypertensive effect of 
beclomethasone 

B. Duodenal ulcer and the hypertensive effect of beclo- 
methasone 

C Albuterol dosage and duodenal ulcer 

D. Ipratropium dosage and the disease-induced hypoxemia 

E. Albuterol dosage and the disease-induced hypoxemia 

Difficulty level: Easy 

15 . A 54-year-old woman with chronic obstructive pulmonary 
disease (COPD) was diagnosed with an upper respiratory 
tract infection, and erythromycin was prescribed. Her COPD 
was reasonably well controlled on oral theophylline and 
inhaled albuterol. Which of the following would be an ap- 
propriate change in the patient’s therapeutic regimen at this 
time? 

A. Add inhaled dexamethasone. 

B. Add inhaled ipratropium. 

C Increase the dose of albuterol. 

D. Decrease the dose of theophylline. 

E. Add inhaled salmeterol. 

Difficulty level: Easy 

16 . A 60-year-old man was admitted to the emergency depart- 
ment because of nausea, vomiting, headache, tremor, ner- 
vousness, tinnitus, and atrial tachycardia for the past 4 hours. 
The man, who had been suffering from chronic obstructive 
pulmonary disease for 3 years, recently had a new drug 
added to his therapeutic regimen. Which of the following 
drugs most likely caused the patient’s adverse effects? 

A. Albuterol 

B. Prednisone 
C Ipratropium 

D. Zileuton 

E. Theophylline 

Difficulty level: Easy 

17 . A 58-year-old woman complained to her physician of in- 
creasing dyspnea and cough over the past few days. The 
woman had a 22-pack-year history of cigarette smoking and 
had been suffering from chronic obstructive pulmonary 
disease for 5 years. She was currently on inhaled ipratro- 
pium and albuterol. Her physician decided to add a drug that 
acts by selectively inhibiting phosphodiesterase 4 in bron- 
chial muscle. Which of the following drugs was most likely 
prescribed? 


A. Zafirlukast 

B. Zileuton 

C Roflumilast 

D. Beclomethasone 

E. Omalizumab 

Difficulty level: Medium 

18 . A 30-year-old woman recently diagnosed with moderate 
intermittent asthma started a treatment with inhaled al- 
buterol as needed. Which of the following effects on pulmo- 
nary function testing most likely occurred soon after drug 
administration? 

A. Increased total lung capacity 

B. Decreased peak expiratory flow 
C Decreased forced vital capacity 

D. Increased residual volume 

E. Increased forced expiratory volume 

Difficulty level: Hard 

19 . A 78-year-old female resident of a rehabilitation center ex- 
hibited Cheyne-Stokes breathing from time to time and suf- 
fered from urge urinary incontinence and spasticity in her 
left limb. The woman had suffered from an ischemic stroke 
2 months earlier. Which of the following drugs should be 
included in the pharmacological therapy of this patient? 

A. Neostigmine 

B. Theophylline 
C Albuterol 

D. Ipratropium 

E. Metoclopramide 

F. Bromocriptine 

Difficulty level: Medium 

20 . A 1 5-year-old boy with a 10-year history of asthma was ad- 
mitted to the hospital for evaluation. The patient complained 
of increasing respiratory difficulty and awakening from sleep 
five to seven times per night. Present medications were high- 
dose inhaled fluticasone and salmeterol. Pulmonary function 
testing indicated a forced expiratory volume (FEV^ 30%of 
predicted, and laboratory exams showed total serum immu- 
noglobulin E (IgE) level of 61 5 IU/mL (normal > 120 IU/mL). 
Which of the following would be appropriate to add to the 
patient’s treatment at this time? 

A. Inhaled albuterol 

B. Inhaled beclomethasone 
G Oral zileuton 

D. Oral zafirlukast 

E. Subcutaneous omalizumab 



Difficulty level: Easy 

21 . A 46-year-old man with a long history of chronic severe 
asthma was admitted to the hospital with extreme dyspnea 
and impending respiratory failure. Emergency therapy was 
started with inhaled albuterol, glucocorticoids, and oxygen, 
but the patient’s response to the treatment was poor. It was 
decided to initiate intravenous theophylline. The goal was 
to reach an immediate therapeutic plasma concentration of 
15 mg/L. Knowing that the volume of distribution oftheoph- 
ylline is about 0.5 L/kg, which of the following loading doses 
(in milligrams) was most likely given? 

A. 525 

B. 435 
C 110 

D. 600 

E. 85 

Difficulty level: Medium 

22. A 50-year old man was admitted to the hospital because of 
severe dyspnea and coughing that had been increasing over 
the past few days. The man had been suffering from persistent 
severe asthma for 10 years and from diabetes for 8 years. 
Current medications included insulin, inhaled beclometha- 
sone, and inhaled ipratropium. Spirometry showed a forced 
expiratory volume (FEV^ 40% of the predicted value. The 
patient was intubated and was given high-dose albuterol 
therapy by continuous nebulization. Which of the follow- 
ing adverse effects would most likely be associated with this 
treatment? 

A. Hypertension 

B. Sleepiness 
C Bradycardia 

D. Hypoglycemia 

E. Hypokalemia 

Difficulty level: Medium 

23 . A 25-year-old woman was seen at a clinic because of epi- 
sodes of shortness of breath and cough that had occurred 
almost every day since she had an upper respiratory infec- 
tion 2 months earlier. The woman also stated that several 
times weekly she awoke at night with the same symptoms. 
Spirometry showed a forced expiratory volume (FEVj) 62%of 
the predicted value. Which of the following drugs would be 
most appropriate to be included in the patient’s treatment at 
this time? 

A. Theophylline 

B. Isoproterenol 
C Salmeterol 

D. Propranolol 

E. Aspirin 


Difficulty level: Medium 

24 . A 52-year-old woman had been on a ventilator for 5 days 
because of ventilatory failure due to polymyositis when the 
physician noted increasing endotracheal secretions and de- 
creased oximetry. Abronchoscopy showed abundant mucus 
plugs filling the bronchial lumen. Suctioning ofthe bronchial 
tree was performed, and a drug was given to improve mu- 
cociliary clearance. Which of the following drugs was most 
likely administered? 

A. Epinephrine 

B. Albuterol 

C Ipratropium 

D. Zileuton 

E. Dexamethasone 

F. Zafirhikast 

Difficulty level: Easy 

25 . A 57-year-old man complained to his physician that his 
chronic mucoid cough had gotten worse, and he had increas- 
ing breathing difficulty. The man had a long history of smok- 
ing and currently smoked one pack daily. Spirometry showed 
a forced expiratory volume (FEVj) of 50%the predicted value. 
The physician decided to start a therapy with a drug that can 
block acetylcholine-mediated increase in Ca 2+ availability in 
bronchial smooth muscle. Which of the following drugs was 
most likely administered? 

A. Beclomethasone 

B. Ipratropium 
C Theophylline 

D. Albuterol 

E. Atropine 

Difficulty level: Medium 

26 . A 44-year-old man presented to his physician complaining 
of increasing cough producing yellow sputum and moderate 
shortness of breath on exertion. The man had a long history 
of heavy cigarette smoking and had suffered from an epi- 
sode of sustained ventricular tachycardia 1 year ago. Physical 
examination showed a patient with shallow breathing and a 
barrel chest. Auscultation demonstrated wheezing and dis- 
tant heart sounds. An inhalation therapy was prescribed. A 
drug with which ofthe following mechanisms of action would 
be most appropriate for this patient? 

A. Activation of adenosine receptors 

B. Inhibition of phospholipase A 2 
C Activation of (3 0 adrenoceptors 

D. Blockade ofNn and M 3 acetylcholine receptors 

E. Blockade of leukotriene receptors 



Difficulty level: Medium 

27. A 63-year old woman complained to her physician of recur- 
rent wheezing that caused frequent nocturnal awakening. 
She also noted that wheezing occurred when she was anx- 
ious and tense. The woman had been suffering from allergic 
rhinitis for 4 years and from atrial fibrillation for 1 year. A 
diagnosis of mild allergic asthma was made. Which of the 
following drug treatments would be most appropriate for 
relief of her bronchospasm? 

A. Oral glucocorticoids 

B. Oral theophylline 

C Inhaled ipratropium 

D. Inhaled salmeterol 

E. Oral zileuton 

Difficulty level: Easy 

28. A 13-year-old boy recently diagnosed with asthma started 
a therapy that included inhaled fluticasone. Which of the 
following molecular actions most likely contributed to the 
therapeutic effect of the drug in the patient’s disease? 

A. Blockade ofM 3 acetylcholine receptors 

B. Blockade of leukotriene receptors 
G Inhibition of phospholipase A 2 

D. Activation of p j adrenoceptors 

E. Activation ofa 0 adrenoceptors 

F. Inhibition of lipocortin biosynthesis 

Difficulty level: Easy 

29. A43-year-old woman with mild persistent asthma started 
a daily treatment with low-dose inhaled glucocorticoids. 
Which of the following adverse effects was most likely to 
occur in this patient? 

A. Hypokalemia 

B. Weight gain 

C Oral candidiasis 

D. Restlessness 

E. Increased heart rate 

F. Osteoporosis 

Difficulty level: Medium 

30. A21-year-old man with severe persistent asthma had been 
on daily inhaled salmeterol, inhaled beclomethasone, and 
oral zafirlukast for 2 months, with inhaled albuterol as 
needed. However, his asthma was poorly controlled, and his 
physician decided to add another drug to the current treat- 
ment. Which of the following drugs would be most appro- 
priate for the patient at this time? 


A. Oral triamcinolone 

B. Oral ipratropium 

C Inhaled omalizumab 

D. Inhaled theophylline 

E. Oral zileuton 

Difficulty level: Easy 

31. An 11-year-old boy was recently diagnosed with mild sea- 
sonal asthma. The boy was otherwise healthy and was a 
member of his school basketball team. Which of the follow- 
ing drugs would be most appropriate for the initial treatment 
of the patient’s disease? 

A. Inhaled albuterol 

B. Oral triamcinolone 
C Inhaled ipratropium 

D. Oral zafirlukast 

E. Inhaled salmeterol 

Difficulty level: Medium 

32. A45-year-old man with moderate persistent asthma was in 
the chest clinic for evaluation ofhis clinical state. His asthma 
was only partially controlled on daily inhaled salmeterol 
and beclomethasone. Recently, zafirlukast was added to the 
therapy with significant improvement of the disease, but it 
was withdrawn 10 days later because of the appearance of a 
severe headache. Physical examination showed diffuse ex- 
piratory wheezes, and pulmonary function testing revealed 
a peak expiratory flow rate 70%of predicted. Which of the 
following drugs would be appropriate to add to the patient’s 
regimen at this time? 

A. Inhaled albuterol 

B. Oral zileuton 

C Inhaled theophylline 

D. Parenteral omalizumab 

E. Oral montelukast 

Difficulty level: Easy 

33. A 9-year-old girl with a long history of cystic fibrosis pre- 
sented to the hospital because of worsening of respiratory 
symptoms. An appropriate therapy was prescribed that in- 
cluded inhaled dornase alfa. Which of the following best 
explains the mechanism of action of dornase alfa in the pa- 
tient’s disease? 

A. Supports bactericidal activity against Pseudomonas 
aeruginosa 

B. Releases nitric oxide from airway epithelium 

C Depolymerizes the DNA of purulent airways secretions 

D. Stimulates the cystic fibrosis transmembrane regulator 

E. Inhibits the neutrophil migration into lung tissue 




Difficulty level: Medium 

34 . A43-year-old man complained to his physician that the ther- 
apy he was taking improved his breathing, but that he still 
had an annoying cough from time to time. He asked the phy- 
sician for a cough suppressant. Two weeks earlier, the man 
was diagnosed with moderate persistent asthma and started 
a therapy with inhaled albuterol and fluticasone. Which of 
the following drugs would be appropriate to treat the pa- 
tient’s cough? 


A. Codeine 

B. Theophylline 

C Dextromethorphan 

D. Ipratropium 

E. Dornase alfa 

F. Fentanyl 


Questions: VI-2 Drugs for Gastrointestinal Disorders 


Directions for questions 1-8 

Match each gastrointestinal drug with the appropriate descrip- 
tion (each lettered option can be selected once, more than once, 
or not at all). 

A. Bisacodyl 

B. Calcium carbonate 
C Castor oil 

D. Docusate 

E. Erythromycin 

F. Loperamide 

G. Meclizine 

H. Mesalamine 

I. Metoclopramide 

J. Methylcellulose 

K. Magnesium hydroxide 
L Mineral oil 

N. Misoprostol 

O. Omeprazole 

P. Aprepitant 

Q. Sucralfate 

Difficulty level: Easy 

1. An antacid that also has laxative properties 
Difficulty level: Easy 

2. An antiemetic drug used primarily for chemotherapy-induced 
vomiting 

Difficulty level: Easy 

3. A prostaglandin analogue that can have a cytoprotective 
effect on gastric mucosa 

Difficulty level: Easy 

4 . An antiulcer agent that binds to necrotic peptic ulcer tissue, 
thus acting as a barrier to gastric juice 


Difficulty level: Easy 

5 . An antiulcer agent that can inhibit 24-hour gastric acid se- 
cretion up to 95% 

Difficulty level: Easy 

6. A drug that can increase intestinal peristalsis by activating 
motilin receptors 

Difficulty level: Easy 

7. An opioid drug used to treat diarrhea 
Difficulty level: Easy 

8. A salicylate derivative used in inflammatory bowel diseases 
Difficulty level: Easy 

9 . A 45-year-old woman had been self-medicating for heart- 
burn. The preparation she was using was a combination 
of magnesium hydroxide and aluminum hydroxide. Which 
of the following reasons best explains why many antacid 
preparations on the market contain a combination of these 
two antacids instead of a single product? 

A. To achieve a bactericidal effect on Helicobacter pylori 

B. To avoid antacid overdose toxicity 

C To avoid interaction with other drugs given con- 
comitantly 

D. To facilitate gastric emptying 

E. To decrease the occurrence of constipation or diarrhea 
Difficulty level: Hard 

10 . A 76-year-old woman who underwent surgery to remove a 
colon polyp complained of epigastric pain the day after the 
operation. Her general condition rapidly deteriorated, and 
she was transferred to the intensive care unit because of 
septic shock. Which of the following therapeutic regimens 



would be appropriate to prevent stress-related mucosal 
bleeding in this patient? 

A. Metoclopramide by intravenous (IV) infusion 

B. Ondansetron by IV infusion 
C Sucralfate by nasogastric tube 

D. Bismuth salicylate by nasogastric tube 

E. Misoprostol by nasogastric tube 

F. Famotidine by IV infusion 

Difficulty level: Easy 

11 . A 61-year-old man with newly diagnosed lung cancer was 
scheduled to receive his first course of chemotherapy. Apro- 
phylactic antiemetic treatment was planned that included 
ondansetron. Which ofthe following brain regions represent 
a site ofthe antiemetic action ofthe drug? 

A. Nucleus tractus solitarius 

B. Putamen 

C Locus ceruleus 

D. Nucleus accumbens 

E. Medial forebrain bundle 

Difficulty level: Easy 

12 . A 70-year-old woman complained to her physician of ob- 
stinate constipation. The physician prescribed a laxative 
that acts in the colon by absorbing water into the fecal con- 
tents, thus promoting peristalsis about 1 or 2 days after ad- 
ministration. Which of the following drugs was most likely 
prescribed? 

A. Castor oil 

B. Docusate 

G Sodium phosphate 

D. Magnesium sulfate 

E. Methylcellulose 

Difficulty level: Medium 

13 . A 58-year-old alcoholic man suffering from hepatic cirrho- 
sis was admitted to the hospital because of drowsiness and 
disorientation in time and place. Further exams led to the 
diagnosis of portal-systemic encephalopathy. Which of the 
following drugs would be appropriate to eliminate toxic en- 
teric products in this patient? 

A. Omeprazole 

B. Lactulose 
C Loperamide 

D. Sucralfate 

E. Aprepitant 

F. Ranitidine 


Difficulty level: Easy 

14 . A65-year-old woman suffering from chronic heartburn was 
routinely taking a large amount of an antacid preparation 
containing aluminum hydroxide. Lab exams of this patient 
would most likely show which of the following results? 

A. Hyperglycemia 

B. Hypercalcemia 
C Hypernatremia 

D. Hypokalemia 

E. Hypophosphatemia 

Difficulty level: Easy 

15 . A 45-year-old woman presented to her physician because 
of a 2-week history ofpainless diarrhea that was urgent and 
usually occurred during meals. After physical examination, 
lab tests, and colonoscopy, a diagnosis of irritable bowel syn- 
drome was made, and the woman was prescribed an appro- 
priate therapy that included loperamide. Direct activation 
of which of the following receptors most likely mediated the 
therapeutic effect ofthe drug in this patient? 

A. Beta-2 adrenergic 

B. Nn cholinergic 

C 5-HT 3 serotonergic 

D. Alpha-2 adrenergic 

E. Mu opioid 

F. M 3 cholinergic 

Difficulty level: Medium 

16 . A 74-year old man was admitted to the hospital because of 
persistent epigastric pain and tarry stools. The patient had 
been suffering from hypertension for 5 years and was being 
treated with hydrochlorothiazide and losartan. Past his- 
tory was significant for a serious hypersensitivity reaction 
to omeprazole taken 1 year ago for heartburn. Pertinent 
laboratory results on admission were red blood cell count 
3.5 x 10 6 /mm 3 (normal 4.5-5 .5 x 10 6 /mm 3 ), hemoglobin 9 g/dL 
(normal 14-16 g/dL), creatinine 4.5 mg/dL (normal 0.9-1 .3 
mg/dL). Endoscopy disclosed a large gastric ulcer. Therapy 
with famotidine was started, but the standard dose was re- 
duced by one half. Which of the following was the most 
likely reason for the use of a reduced dose of famotidine in 
this patient? 

A. The patient’s anemia 

B. The patient’s hypertension 
C The patient’s age 

D. The patient’s renal insufficiency 

E. The patient’s hypersensitivity to omeprazole 



Difficulty level: Easy 

17 . An 18-year-old man traveling on vacation in Mexico noted 
some mild abdominal cramps and three or four unformed 
stools over the past 24 hours. No blood was seen in the stool. 
Which of the following drugs would be appropriate to treat 
the patient’s diarrhea? 

A. Magnesium sulfate 

B. Bismuth subsalicylate 
C Vancomycin 

D. Erythromycin 

E. Metoclopramide 

F. Sucralfate 

Difficulty level: Medium 

18 . A 45-year-old man recently diagnosed with mild colonic 
Crohn disease had been receiving sulfasalazine for 4 weeks, 
but remission was not achieved. Prednisone was added for 
another 2 weeks, but improvement was negligible, and the 
gastroenterologist decided to add a third drug to the ther- 
apy. Which of the following drugs would be appropriate for 
the patient at this time? 

A. Mesalamine 

B. Daclizumab 

C Dexamethasone 

D. Amikacin 

E. Infliximab 

Difficulty level: Easy 

19 . A43-year-old man suffering from heartburn had been using 
antacid preparations as needed. Which of the following best 
describes the mechanism of action of antacids? 

A. Inhibition of pepsin and hydrochloric acid secretion 

B. Stimulation of bicarbonate secretion by epithelial cells 
C Reaction with hydrochloric acid in the stomach lumen 

D. Binding to necrotic ulcer tissue 

E. Reaction with pepsin in the stomach lumen 

Difficulty level: Hard 

20 . A30-year-old man went to his physician because of 1 month 
of worsening intermittent abdominal pain, bloating, diarrhea, 
and rectal bleeding. Vital signs were normal, and physical 
examination disclosed only diffuse abdominal pain. Sigmoid- 
oscopy showed erythematous mucosa in the rectum and 
sigmoid and distal descending colon. The mucosa had areas 
of fine granular appearance with some focal hemorrhage 
and ulcerations. Biopsies demonstrated abnormal crypt ab- 
scesses. A diagnosis was made, and a therapy was prescribed. 
Which of the following drugs would be most appropriate for 
the patient at this time? 


A. Metronidazole 

B. Clarithromycin 
C Loperamide 

D. Ondansetron 

E. Prednisolone 

Difficulty level: Medium 

21 . A 50-year-old woman complained to her physician of regur- 
gitation of foul-tasting fluid into her mouth and occasional 
nausea and vomiting. The physician prescribed a drug that 
can both prevent nausea and vomiting and promote upper 
gastrointestinal motility. Blockade of which of the following 
receptors most likely contributed to the therapeutic effect 
of the drug in the patient’s disease? 

A. M 3 cholinergic 

B. Nn cholinergic 

C Beta-2 adrenergic 

D. H 0 histaminergic 

E. D 2 dopaminergic 

Difficulty level: Medium 

22 . A 61-year-old man was seen at a clinic because of heart- 
burn and abdominal pain for the past month. He had self- 
medicated with various over-the-counter preparations, but 
he got only temporary relief. All routine laboratory tests 
were within normal limits except the serum gastrin level, 
which was 3240 pg/mL(normal < 100 pg/mL). Radiographic 
and endoscopic studies demonstrated one gastric and two 
duodenal ulcers, and magnetic resonance imaging showed a 
small pancreatic tumor. A drug with which of the following 
mechanisms of action would be most appropriate for this 
patient? 

A. Blockade of H 2 receptors in gastric parietal cells 

B. Activation EP 3 receptors in gastric epithelial cells 
C Coating the gastric ulcer craters 

D. Neutralization of hydrochloric acid in the stomach lumen 

E. Inhibition of H + /K + ATPase in gastric parietal cells 

Difficulty level: Easy 

23 . A 61-year-old woman with newly diagnosed ovarian cancer 
was scheduled to receive her first course of chemotherapy. 
A prophylactic antiemetic medication was planned. A drug 
from which ofthe following classes would be most appropri- 
ate to include in the antiemetic therapy of this patient? 

A. Serotonergic antagonists 

B. Dopaminergic agonist 
C Muscarinic antagonists 

D. Gabaergic agonists 

E. Adrenergic agonists 



Difficulty level: Medium 

24 . A44-year-old man who has been receiving his first course of 
chemotherapy for a non-Hodgkin lymphoma still complains 
of recurrent nausea and vomiting despite antiemetic medi- 
cation with ondansetron, dexamethasone, and aprepitant. 
Which of the following drugs would be appropriate to add 
to the patient’s antiemetic regimen at this time? 

A. Famotidine 

B. Omeprazole 
C Loperamide 

D. Dronabinol 

E. Triamcinolone 

F. Meclizine 

Difficulty level: Medium 

25 . A 64-year-old woman suffering from episodic heartburn 
routinely took an over-the-counter medication as needed. 
The drug acts by inhibiting the action of an endogenous 
compound released from enterochromaffin-like cells of the 
stomach. Which of the following drugs did the patient most 
likely take? 

A. Ondansetron 

B. Loperamide 

C Metoclopramide 

D. Famotidine 

E. Loratadine 

F. Sucralfate 

Difficulty level: Medium 

26 . A 36-year-old man complained to his physician of dizziness 
and drowsiness. The man, recently diagnosed with gastro- 
esophageal reflux disease, had started an appropriate treat- 
ment 2 weeks earlier. Laboratory findings showed an increase 
ofthe patient’s prolactin levels. Which ofthe following drugs 
could have caused the signs and symptoms of this patient? 

A. Ranitidine 

B. Omeprazole 

C Aluminum hydroxide 

D. Calcium carbonate 

E. Sucralfate 

F. Metoclopramide 

Difficulty level: Easy 

27 . A 51-year-old man complained to his physician of indiges- 
tion. He described a burning sensation and some belching, 
often associated with foul-tasting acid in his mouth, espe- 
cially after large or spicy meals. If meals were too close to his 
bedtime, the burning kept him awake at night. He would like 
to have a treatment that prevents meal-related symptoms. 
Which ofthe following drugs would be most appropriate for 
this patient? 


A. Famotidine 

B. Atropine 

C Ondansetron 

D. Dronabinol 

E. Erythromycin 

F. Bismuth 

Difficulty level: Easy 

28. A 60-year-old man suffering from recurrent heartburn rou- 
tinely took large quantities of different antacid preparations. 
Which of the following antacids had the highest risk of met- 
abolic alkalosis in this patient? 

A. NaHC0 3 

B. CaC0 3 
C Al(OH) 3 

D. Mg(OH ) 2 

E. Ca(OH) 2 

Difficulty level: Medium 

29 . A 67-year-old man complained to his physician of nervous- 
ness, insomnia, palpitations, and stomach ache. The man 
had a long history of chronic obstructive pulmonary disease 
currently treated with inhaled ipratropium and oral theoph- 
ylline. He told the physician that he had started taking ci- 
metidine for heartburn 3 days ago. Which of the following 
best explains the reason for the patient’s current complaints? 

A. Cimetidine increased the clearance of theophylline. 

B. Cimetidine decreased the clearance of theophylline. 

C Cimetidine increased the clearance of ipratropium. 

D. Theophylline increased the clearance of cimetidine. 

E. Theophylline decreased the clearance of cimetidine. 

Difficulty level: Easy 

30 . A71-year-old man with terminal metastatic lung cancer had 
been hospitalized for 3 months. His renal function had dete- 
riorated, and laboratory results showed serum creatinine 
4.5 mg/dL (normal 0.9-1 .2 mg/dL) and blood urea nitrogen 
(BUN) 75 mg/dL(normal 6-20 mg/dL). Because of poor food 
intake, immobility, and requirement for an opioid analgesia, 
the patient was severely constipated and required daily lax- 
ative therapy. Which of the following would be a suitable 
laxative for this patient? 

A. Lactulose 

B. Castor oil 

C Magnesium hydroxide 

D. Sodium phosphate 

E. Mineral oil 



Difficulty level: Easy 

31. A 74-year-old patient suffering from chronic constipation 
complained ofvery loose stools after a treatment with bisac- 
odyl, one tablet daily for 1 week. Which of the following 
would be the best advice to give to this patient? 

A. There is no cause for alarm; the situation is self- 
lim iting. 

B. Continue bisacodyl, but take the medication with a 
small snack. 

C Continue bisacodyl, and add lactulose. 

D. Discontinue bisacodyl, and increase fiber and fluid 
intake. 

E. Discontinue bisacodyl, and switch to castor oil. 

Difficulty level: Easy 

32. A43-year-old man recently diagnosed with testicular cancer 
was in the hospital for his second cycle of chemotherapy. A 
three-drug combination was given to prevent chemothera- 
py-induced nausea and vomiting. The combination included 
a drug that blocks NKj neurokinin receptors in the area 
postrema. Which of the following drugs has this molecular 
mechanism of action? 

A. Ondansetron 

B. Dronabinol 
C Aprepitant 

D. Metoclopramide 

E. Diphenhydramine 

Difficulty level: Easy 

33. A 57-year-old man complained to his physician of epigastric 
pain that was stronger at night and was temporarily relieved 
by food. Upper gastrointestinal endoscopy showed two small 
gastric ulcers, and a urease breath test was positive for Heli- 
cobacter pylori infection. The physician prescribed a triple 
therapy with omeprazole, clarithromycin, and metronida- 
zole for 14 days, followed by omeprazole daily for 6 weeks. 
Which of the following statements best explains why this 
drug regimen is the first-line therapy for H. /?y/6>rz'-associated 
ulcers? 

A. Omeprazole is rapidly bactericidal against H. pylori. 

B. The regimen almost completely eliminates the risk of 
ulcer recurrence. 

C Clarithromycin greatly enhances the bactericidal activ- 
ity of omeprazole. 

D. Metronidazole greatly enhances the bactericidal activity 
of omeprazole. 

E. The regimen can cure the ulcer in up to 70%of cases. 


Difficulty level: Medium 

34. A34-year-old hospitalized male patient complained oftorti- 
collis, grimacing, and spasm of the ocular muscles 1 day after 
surgery. The man had received an intravenous drug soon 
after surgery to treat nausea and vomiting. Which of the 
following antiemetic drugs most likely caused the patient’s 
symptoms? 

A. Ondansetron 

B. Scopolamine 

C Dexamethasone 

D. Metoclopramide 

E. Dronabinol 

Difficulty level: Easy 

35. A 59-year-old woman suffering from chronic constipation 
routinely self-administered milk of magnesia (magnesium 
hydroxide) daily. Which of the following actions most likely 
mediated the laxative effect of the drug? 

A. Inhibition of cholecystokinin release 

B. Retention of water in the vessels by osmosis 
C Lubrication of fecal material 

D. Stretching of the intestinal wall 

E. Formation of a bulky emollient gel 

Difficulty level: Easy 

36. A 41-year-old woman complained to her physician of in- 
creasing frequency and urgency of bowel movements that 
she attributed to increased stress at work. The woman was 
diagnosed with spastic colon 4 years ago but was able to tol- 
erate the symptoms until recently, when she noted the in- 
creasing frequency ofbowel movements. Adrug from which 
of the following classes could be appropriate to treat the pa- 
tient’s disorder? 

A. Opioid agonists 

B. Serotonergic agonists 
C Muscarinic agonists 

D. Hj agonists 

E. Adrenergic antagonists 

F. Gabaergic antagonists 

Difficulty level: Easy 

37. A46-year-old man recently diagnosed with a duodenal ulcer 
started a treatment that included daily sucralfate. Which of 
the following mechanisms most likely mediates the thera- 
peutic efficacy of the drug in the patient’s disease? 




A. Acting as a barrier to acid by binding to necrotic ulcer 
tissue 

B. Reacting with gastric hydrochloric acid to form salt and 
water 

C Inhibiting hydrochloric acid secretion 

D. Stimulating bicarbonate secretion by antral parietal cells 

E. Exerting a bactericidal effect against Helicobacter pylori 

Difficulty level: Easy 

38 . A 24-year-old woman in her second trimester of pregnancy 
complained of constipation at a routine prenatal visit. The 
physician instructed the woman to maintain bowel function 
by drinking plenty of water, increasing bulk in the diet with 
vegetables, and taking a laxative daily. Which of the follow- 
ing laxatives would be most appropriate for this patient? 

A. Castor oil 

B. Bisacodyl 
C Senna 

D. Docusate 

E. Magnesium hydroxide 

F. Sodium sulfate 

Difficulty level: Medium 

39 . A 64-year-old man complained to his physician of burning 
and substernal pain for about 3 weeks. The pain usually oc- 
curred after dinner when he was lying on the couch watching 
television and was sometimes accompanied by regurgitation 
of foul-tasting fluid into his mouth. The man had been suf- 
fering from Parkinson disease for 1 year and was currently 
receiving pramipexole and selegiline. Which of the follow- 
ing drugs would be most appropriate to treat the patient’s 
symptoms? 

A. Atropine 

B. Misoprostol 
C Ondansetron 

D. Omeprazole 

E. Metoclopramide 

F. Cimetidine 

Difficulty level: Hard 

40 . A 63-year-old man suffering from a small cell carcinoma of 
the lung was hospitalized for his first cycle of chemotherapy. 
Which of the following three-drug regimens would be the 
best to prevent nausea and vomiting in this patient? 


A. Ranitidine, diazepam, dexamethasone 

B. Scopolamine, dexamethasone, ondansetron 
C Ondansetron, aprepitant, dexamethasone 

D. Aprepitant, scopolamine, loperamide 

E. Diphenhydramine, prochlorperazine, dronabinol 

F. Prochlorperazine, ranitidine, loperamide 

Difficulty level: Easy 

41 . A 34-year-old-man with a 2-year history of AIDS was ad- 
mitted to the hospital for evaluation. The patient’s only 
complaint was a poor appetite that had gotten progressively 
worse over the past 3 weeks. He was currently taking a 
highly active antiretroviral therapy (HAART) with lamivu- 
dine, stavudine, and atazanavir. Physical examination and 
laboratory exams showed that the patient was in stable 
condition except for decreasing body weight. Which of the 
following drugs would be appropriate to treat the patient’s 
anorexia? 

A. Metoclopramide 

B. Omeprazole 
C Famotidine 

D. Dronabinol 

E. Loperamide 

F. Meclizine 

Difficulty level: Easy 

42 . A 53-year-old woman complained to her physician that the 
drug she was taking did not work and that she was still suf- 
fering from obstinate constipation. The woman had a long 
history of irritable bowel syndrome and took several drugs 
in the past with limited success. She was presently taking 
lactulose. The physician decided to try another drug recently 
approved for irritable bowel syndrome with constipation in 
adult women. The drug is a prostanoid derivative that acts 
by opening type 2 chloride channels in the small intestine. 
Which of the following drugs was most likely prescribed? 

A. Ondansetron 

B. Dronabinol 
C Lubiprostone 

D. Metoclopramide 

E. Diphenhydramine 

F. Sorbitol 



Questions: VI-3 Drugs for Hematopoietic Disorders 


Directions for questions 1-6 

Match each hematopoietic drug with the appropriate description 
(each lettered option can be selected once, more than once, or not 
at all). 

A. Cyanocobalamin 

B. Deferoxamine 
C Erythropoietin 

D. Ferrous sulfate 

E. Filgrastim 

F. Folic acid 

G. Iron dextran 

H. Iron sucrose 

I. Feucovorin 
J Oprelvekin 

K. Sargramostim 

Difficulty level: Easy 

1. This drug is sometimes used to prevent transfusional iron 
overload. 

Difficulty level: Easy 

2 . An endogenous compound synthesized by the kidney in re- 
sponse to hypoxia 

Difficulty level: Easy 

3 . There is a lifetime requirement for this drug in patients who 
have undergone gastrectomy. 

Difficulty level: Easy 

4 . Arecombinant form of interleukin 11 
Difficulty level: Easy 

5 . Amultilineage myeloid growth factor 
Difficulty level: Easy 

6. This drug is absorbed through the distal ileum by a process of 
receptor-mediated endocytosis. 

Difficulty level: Medium 

7 . A 62-year-old man presented to his physician complaining of 
tiredness and abdominal pain. Medical history revealed that 
the man had been taking two tablets of naproxen twice daily 
for arthritic pain for the past 3 months. Pertinent lab results 
on admission were red blood cell count (RBC) 3.1 x 10 6 /mm 3 
(normal, male 4.3-5 .9 x 1 0 6 /mm 3 ), hemoglobin 8.5 g/dL(nor- 
mal, male > 13.5 g/dL), mean corpuscular volume 70 fL(nor- 
mal 80-100 fL), serum ferritin 6 ng/mL(normal: 30-300). An 
appropriate therapy was prescribed. Which of the following 


actions most likely mediated the therapeutic effect of the 
prescribed drug? 

A. Activation of specific receptors on RBC progenitors 

B. Replacement of a chemical whose stores are severely 
depleted 

C Increased life span of RBCs 

D. Stimulation of erythropoietin production by the kidney 

E. Stimulation of transferrin production by the liver 

Difficulty level: Easy 

8. A22-year-old woman in her first week ofpregnancy started 
on daily folic acid supplementation. The therapy was given 
to decrease the risk of which of the following congenital 
abnormalities? 

A. Atrial septal defect 

B. Sp ina bifida 

C Tetralogy of Fallot 

D. Esophageal atresia 

E. Congenital cataract 

F. Cryptorchidism 

Difficulty level: Easy 

9 . A 58-year-old man recently diagnosed with iron deficiency 
anemia was found to have a severe depletion of total body 
iron stores. Which of the following compounds represents 
the most important store for iron? 

A. Transferrin 

B. Ferroportin 
C Ferritin 

D. Myoglobin 

E. Hemoglobin 

Difficulty level: Medium 

10 . A71-year-old man complained to his physician of tiredness, 
breathlessness, and fatigue. Four years earlier, the patient 
had undergone total gastrectomy for advanced Zollinger- 
Ellison syndrome. A blood analysis showed megaloblastic 
anemia. Which of the following statements best explains 
why folic acid supplementation would be contraindicated in 
this patient? 

A. The drug would mask hematologic signs of vitamin B 12 
deficiency. 

B. The drug would block vitamin B p actions in the central 
nervous system. 

C The drug may increase vitamin B 12 metabolism. 

D. Older patients are especially at risk of folic acid toxicity. 

E. Gastrectomy completely prevents folic acid absorption. 



Difficulty level: Medium 

11 . A 32-year-old woman in her second trimester of pregnancy 
presented to the clinic for a check-up. The patient had a 
5-year history of excessive alcohol intake and had been using 
cocaine frequently for the past 3 years. She appeared mal- 
nourished and had lost 12 pounds during the first trimester, 
secondary to anorexia, nausea, and vomiting. Pertinent lab- 
oratory values were red blood cell count (RBC) 2.7 x 10 6 /mm 3 
(normal, female 3. 5-5. 5 x 1 0 6 /mm 3 ), mean corpuscular vol- 
ume 1 12 fL(normal 80-100 fL), serum vitamin B p 350 pg/mL 
(normal > 280 pg/mL), serum ferritin 200 ng/mL (normal 
30-300 ng/mL). Blood stain showed macro-ovalocytic RBCs 
and hypersegmentation of neutrophils. Which of the follow- 
ing drugs would be most appropriate for this patient? 

A. Cyanocobalamin 

B. Folic acid 

G Ferrous sulfate 

D. Iron dextran 

E. Erythropoietin 

Difficulty level: Medium 

12 . A 34-year-old woman was seen at a clinic because of severe 
weakness and dizziness for the past several months. The 
woman had a long history of menorrhagia and of chronic 
headaches for which she had been using several analgesic 
medications on a daily basis. Physical examination revealed 
a pale, lethargic female appearing older than her stated age. 
Notable signs were a sore tongue, spooning of the nails, and 
splenomegaly. Pertinent laboratory values were red blood cell 
count 2.3 x 10 6 /mm 3 (normal, female 3. 5-5. 5 x 10 6 /mm 3 ), 
mean corpuscular volume 72 fL(normal 80-100 fL), hemo- 
globin 5 g/dL(normal, female >12 g/dL), serum ferritin 7 ng/mL 
(normal 30-300 ng/mL). Which ofthe following drugs would 
be most appropriate for this patient? 

A. Ferrous sulfate 

B. Folic acid 

C Erythropoietin 

D. Iron sucrose 

E. Vitamin B p 

F. Filgrastim 


Difficulty level: Hard 

13 . A22-year-old man complained to his physician ofincreasing 
fatigue, anorexia, and irritability over the past 2 months. The 
man had been suffering from gluten enteropathy since his 
infancy. Physical examination revealed pallor, glossitis, par- 
esthesias, and muscle weakness. Pertinent laboratory values 
were red blood cell count (RBC) 3.4 x 10 6 /mm 3 (normal, male 
4. 3-5.9 x 1 0 6 /mm 3 ), mean corpuscular volume 116 ^(nor- 
mal 80-1 00 fL), serum vitamin B p 330 pg/mL (normal >280 
pg/mL), serum ferritin 200 ng/mL (normal 30-300 ng/mL). 
Blood stain showed macro-ovalocytic red blood cells and 
hypersegmentation of neutrophils. An appropriate drug was 
started, and 10 days later, the RBC was normal. Which of 
the following actions most likely mediated the therapeutic 
effect of the drug in the patient’s disease? 

A. Increased conversion of homocysteine to methionine 

B. Increased synthesis of tetrahydrofolate 

C Increased absorption of iron from duodenal mucosa 

D. Decreased erythrocyte destruction 

E. Increased synthesis of erythropoietin 

Difficulty level: Easy 

14 . A34-year-old woman recently diagnosed with iron deficiency 
anemia started a treatment with ferrous sulfate. Which of 
the following mechanisms was most likely involved in the 
delivery of iron to the patient’s erythroblasts? 

A. Lipid diffusion 

B. Facilitated diffusion 
C Aqueous diffusion 

D. Receptor-mediated endocytosis 

E. Bulk flow transport 

Difficulty level: Medium 

15 . A 53-year-old man recently diagnosed with pernicious 
anemia started a treatment with vitamin B p . Which of the 
following molecular actions most likely mediated the anti- 
anemic effect of the drug in this patient? 

A. Formation of succinyl-coenzyme A(CoA) 

B. Hydroxylation of folic acid 

C Demethylation of N 5 -methyltetrahydrofolate 

D. Hydroxylation of dihydrofolic acid 

E. Glycine formation from serine 



Difficulty level: Medium 

16 . A66-year-old woman was admitted to the hospital because 
oftiredness, breathlessness, and fatigue over the past 3 weeks. 
Two years ago, she underwent gastrectomy for severe non- 
healing ulcers. The only medication the patient was taking 
was cyanocobalamin, intramuscularly, once a month. Perti- 
nent laboratory values on admission were red blood cell count 
2.8 x 106/mm 3 (normal, female 3. 5-5. 5 x 1 06/mm 3 ), mean 
corpuscular volume 60 fL (normal 80-100 fL), hemoglobin 
8.6 g/dL(normal, female >12 g/dL), hematocrit 32%(normal 
36-46°/$. Which of the following drugs given orally would 
most likely improve the patient’s condition? 

A. Vitamin B p 

B. Folic acid 

G Iron dextran 

D. Sargramostim 

E. Erythropoietin 

F. Ferrous sulfate 

Difficulty level: Medium 

17 . A 65-year-old man was seen at a clinic because of muscle 
weakness, emotional instability, burning of the tongue, and 
alternating constipation and diarrhea. Physical examination 
showed a pale man with red tongue, loss of vibratory sense 
in the lower extremities, and ataxia. Pertinent blood values 
were red blood cell count 3.4 x 106/mm 3 (normal, male 
4.3-5 .9 x 106/mm 3 ), mean corpuscular volume 1 10 fL(nor- 
mal 80-100 fL), vitamin B p 96 pg/mL (normal >280 pg/mL), 
serum ferritin 250 ng/mL (normal 30-300 ng/mL). Which 
of the following drugs would be most appropriate for this 
patient? 

A. Folic acid 

B. Ferrous sulfate 
C Deferoxamine 

D. Iron dextran 

E. Cyanocobalamin 

Difficulty level: Easy 

18 . A54-year-old woman recently diagnosed with iron deficiency 
anemia started a treatment with oral ferrous sulfate. Which 
of the following mechanisms was most likely involved in the 
patient’s intestinal absorption of the drug? 

A. Aqueous diffusion 

B. Lipid diffusion 

C Facilitated diffusion 

D. Active transport 

E. Exocytosis 


Difficulty level: Hard 

19 . A33-year-old malnourished woman in her eighth month of 
pregnancy presented to the clinic complaining of extreme 
lethargy. The woman was multiparous and living in a poor 
suburban area with her two daughters. Pertinent laboratory 
values on admission were red blood cell (RBC) count 2.9 x 
106/mm 3 (normal, female 3. 5-5. 5 x 1 06/mm 3 ), mean corpus- 
cular volume 90 fL (normal 80-100 fL), hemoglobin 7 g/dL 
(normal, female > 12 g/dL), serum ferritin 8 pg/dL (normal 
30-300 jag/dL), serum vitamin B p 350 pg/mL(normal > 280 
pg/mL), RBC folate 45 ng/mL(normal 150-800 ng/mL). Blood 
stain demonstrated both micro- and macrocytic erythrocytes 
and blood hypochromia. Which of the following pairs of drugs 
would represent an appropriate treatment for this patient? 

A. Cyanocobalamin and ferrous sulfate 

B. Erythropoietin and hydroxocobalamin 
C Folic acid and ferrous sulfate 

D. Iron dextran and filgrastim 

E. Folic acid and erythropoietin 

Difficulty level: Easy 

20 . A6-year-old boy recently diagnosed with thalassemia major 
was started on whole blood transfusion therapy. Which of 
the following drugs was most likely given during the trans- 
fusion to prevent transfusional iron overload? 

A. Ferritin 

B. Folic acid 
C Filgrastim 

D. Erythropoietin 

E. Sargramostim 

F. Deferoxamine 

Difficulty level: Hard 

21 . A 72-year-old man was admitted to the hospital with a 
2-week history of weakness, decreased appetite, and exer- 
cise intolerance. Pertinent laboratory values on admission 
were red blood cell count 3.0 x 10 6 /mm 3 (normal, male 
4.3-5 .9 x 10 6 /mm 3 ),mean corpuscular volume 96 fL(normal 
80-100 fL), hemoglobin 6 g/dL (normal, male >13.5 g/dL), 
serum iron 45 pg/dL (normal 50-150 pg/dL), serum creati- 
nine 4.7 mg/dL(normal 0.6-1 .2 mg/dL). Which ofthe follow- 
ing pairs of drugs would be most appropriate to treat the 
patient’s disease? 

A. Cyanocobalamin and ferrous sulfate 

B. Erythropoietin and ferrous sulfate 
C Erythropoietin and filgrastim 

D. Cyanocobalamin and iron dextran 

E. Folic acid and oprelvekin 

F. Folic acid and iron dextran 



Difficulty level: Easy 

22 . A 42-year-old man suffering from diffuse non-Hodgkin 
lymphoma was in the hospital for autologous bone marrow 
transplantation. Which of the following drugs should be 
administered after transplantation to hasten neutrophil 
recovery? 

A. Leucovorin 

B. Filgrastim 
C Oprelvekin 

D. Ondansetron 

E. Cyanocobalamin 

F. Allopurinol 

Difficulty level: Easy 

23 . A65-year-old man suffering from lung cancer was admitted 
to the hospital for a cycle of chemotherapy. After completion 
of the cycle, a treatment with oprelvekin was started. The 
therapeutic effect of the drug is most likely mediated by ac- 
tivation of specific receptors located mainly on which of the 
following cells? 

A. Neutrophils 

B. Lymphocytes 
G Macrophages 

D. Monocytes 

E. Megakaryocytes 

F. Platelets 

Difficulty level: Easy 

24 . A 33-year-old woman recently diagnosed with severe mi- 
crocytic anemia felt uneasy and became agitated and flushed 
soon after the first intravenous injection of an antianemic 
drug. She also complained of palpitations, coughing, urticaria, 
and difficulty in breathing. Within 5 minutes, cardiovascular 
collapse developed. Which ofthe following drugs most likely 
caused the patient’s syndrome? 

A. Leucovorin 

B. Ferrous sulfate 
C Iron dextran 

D. Cyanocobalamin 

E. Filgrastim 

F. Sargramostim 

Difficulty level: Medium 

25. A 5 1 -year-old man undergoing ambulatory hemodialysis for 
end-stage renal disease had been receiving erythropoietin for 
normochromic normocytic anemia. Ablood analysis showed 
the following results: red blood cell count 4.4 x 10 6 /mm 3 (nor- 


mal, male 4. 3-5.9 x 10 6 /mm 3 ), mean corpuscular volume 
98 fL(normal80-100 fL), hemoglobin 14 g/dL(normal, male 
>13.5 g/dL). The patient was most likely at greater risk of 
which ofthe following drug-related adverse effects? 

A. Thrombotic complications 

B. Hypotension 
C Angioedema 

D. Hypokalemia 

E. Adynamic ileus 

Difficulty level: Medium 

26 . A66-year-old woman complained to her physician ofbleed- 
ing gums. The woman had been receiving her third cycle of 
chemotherapy for metastatic ovarian cancer. Ablood analy- 
sis showed the following results: red blood cell count 3.2 x 
1 0 6 /mm 3 (normal, female 3 .5-5 .5 x 1 0 6 /mm 3 ), mean corpus- 
cular volume 96 fL (normal 80-100 fL), hemoglobin 9 g/dL 
(normal, female > 12 g/dL), neutrophil count 4600/mm 3 
(normal 3000-7000/mm 3 ), platelet count 7000/mm 3 (nor- 
mal 130,000-400,000/mm 3 ). A hematopoietic agent was 
administered intravenously. Which ofthe following drugs 
would be appropriate for this patient? 

A. Filgrastim 

B. Erythropoietin 
C Cyanocobalamin 

D. Leucovorin 

E. Folic acid 

F. Oprelvekin 

Difficulty level: Easy 

27 . A2-year-old boy was brought to the emergency department 
after suffering two episodes of brownish vomit containing 
pills, followed by a large hematemesis. The mother, who was 
pregnant, suspected her son had ingested several tablets 
of her medication. Physical examination showed a lethargic 
and cyanotic child complaining of abdominal pain. Vital 
signs were blood pressure 80/50 mm Hg (normal for 2 years 
100/65 mm Hg), pulse 130 bpm (normal for 2 years 115 bpm) 
respirations 30/min (normal at 2 years 24/min). Laboratory 
values indicated severe metabolic acidosis. Which of the fol- 
lowing drugs would be most appropriate for this child? 

A. Iron dextran 

B. Deferoxamine 
C Folic acid 

D. Ferrous sulfate 

E. Cyanocobalamin 

F. Erythropoietin 



Difficulty level: Easy 

28. A 1 3-year-old boy suffering from acute lymphoblastic leuke- 
mia was admitted to the hospital for the third cycle of anti- 
cancer therapy, which included high-dose methotrexate. 
Which of the following drugs should be given to the patient 
to counteract methotrexate toxicity? 

A. Folic acid 

B. Cyanocobalamin 
C Leucovorin 

D. Ferrous sulfate 

E. Oprelvekin 

F. Filgrastim 

Difficulty level: Medium 

29 . A 39-year-old male AIDS patient has had recent episodes 
of cytomegalovirus esophagitis. The man was being treated 
with a zidovudine, lamivudine, efavirenz combination for 
AIDS and with ganciclovir for cytomegalovirus prophylaxis. 
His last blood analysis revealed the following: red blood cell 
count 4.1 x 10 6 /mm 3 (normal, male 4. 3-5.9 x 10 6 /mm 3 ), 
white blood cell count 1.5 x 10 3 /mm 3 (normal 4.5-11.0 x 
10 6 /mm 3 ), neutrophil count 250/mm 3 (normal 3000-7000/ 
mm 3 ). Which of the following drugs would be appropriate to 
add to the patient’s therapeutic regimen at this time? 


A. Erythropoietin 

B. Saquinavir 

C Cyanocobalamin 

D. Filgrastim 

E. Ferrous sulfate 

Difficulty level: Medium 

30 . A 15-year-old girl was seen at a clinic because of easy fa- 
tigue, irritability, and decreased mental alertness over the 
past month. The girl was a strict vegetarian and reported 
heavy menstrual periods since her menarche. Pertinent 
lab results on admission were red blood cell count 3.1 x 
10 6 /mm 3 (normal, female 3. 5-5. 5 x 1 0 6 /mm 3 ), hemoglobin 
9 g/dL(normal, female >12 g/dL), mean corpuscular volume 
71 fL (normal 80-100 fL), serum ferritin 5 ng/mL (normal 
30-300 ng/mL). Which ofthe following drugs would be most 
appropriate for this patient? 

A. Folic acid 

B. Erythropoietin 
C Iron dextran 

D. Sargramostim 

E. Ferrous sulfate 

F. Iron sucrose 


Answers and Explanations: VI-1 Drugs for Bronchospastic Disorders 


Questions 1-4 

1. I 

2. E 

3. G 

4. H 

Learning objective: Describe the main therapeutic uses of 
zafirlukast. 

5. ALeukotriene inhibitors and antagonists have demonstrated 
the important role of leukotrienes in aspirin-induced asthma. 
Some asthmatic patients are very sensitive to aspirin as well 
as to all nonsteroidal antiinflammatory drugs, and even small 
doses can cause profound bronchoconstriction, flushing, and 
abdominal cramping. The syndrome is not allergic in nature 
but seems to be related to the inhibition of cyclooxygenase, 
which most likely causes 

• A shift of arachidonic acid metabolism to the leukotriene 
pathway; leukotrienes are powerful bronchoconstricting 
agents. 


• Decreased synthesis of prostaglandin E 0 (PGE 2 ), which is an 
endogenous bronchodilator, very important in maintaining 
airway patency for most asthmatics 

Leukotriene antagonists such as zafirlukast and montelukast 
are the drugs most frequently used for maintenance therapy 
in patients with aspirin-induced asthma. 

B, D Systemic glucocorticoids and theophylline are used 
only in case of severe asthma that is resistant to other phar- 
macotherapies. 

C, E These drugs are used only by inhalation. 

Learning objective: Describe the proposed molecular mecha- 
nisms ofthe bronchodilating action of theophylline. 

6. B The molecular basis for the antiasthmatic action of meth- 
ylxanthines is still uncertain. Although the primary mecha- 
nism of the bronchodilating effect most likely involves the 
inhibition ofphosphodiesterase enzymes, an additional mech- 
anism seems related to the blockade of adenosine receptors. 

Adenosine acts as both an autacoid and a transmitter with 




myriad biological actions, including bronchoconstriction, mainly 
in patients with bronchospastic disease. 

A, C-F Theophylline does not block these receptors. 

Learning objective: Describe the interaction between p 2 adreno- 
ceptor agonists and glucocorticoids in the treatment of asthma. 

7. D Systemic corticosteroids are given in cases of severe asthma 
exacerbation for two main reasons: 

• They improve the responsiveness of p 0 receptors. 

• They inhibit many phases of the inflammatory responses. 

The antiinflammatory activity of corticosteroids is delayed for 
4 to 6 hours after administration. However, the restoration of 
responsiveness to endogenous catecholamines, as well as to 
exogenous p 0 agonists, occurs within 1 hour of glucocorticoid 
administration in severe chronic asthmatics. This restoration 
is therefore the main potential benefit of intravenous admin- 
istration of corticosteroids to a patient with severe asthma 
exacerbation under treatment with (3 0 agonists. 

A-C, E Corticosteroids do not have these effects. 

learning objective: Describe the proposed molecular mechanisms 
of the bronchodilating action of theophylline. 

8. A The molecular basis for methylxanthine actions is still un- 
certain, but the bronchodilating action seems to be primarily 
due to inhibition of phosphodiesterase enzymes, mainly phos- 
phodiesterase 4 (PDE 4 ). The inhibition causes a rise in the in- 
tracellular cyclic adenosine monophosphate (cAMP) and cyclic 
guanosine monophosphate (cGMP) concentrations, which in 
turn leads to smooth muscle relaxation. 

B Methylxanthines stimulate, not inhibit, catecholamine 
release from adrenergic terminals. 

C, D Methylxanthines do not cause these effects. 

E See correct answer explanation. 

learning objective: Describe the main action mediating the ther- 
apeutic effect of theophylline in apnea of preterm infants. 

9. CMethylxanthines, specifically theophylline and caffeine, are 
widely accepted as the initial pharmacological approach for 
the treatment of idiopathic apnea of prematurity. Methyl- 
xanthines stimulate the respiratory center in the medulla, 
increasing respiratory drive. These central effects may be me- 
diated by adenosine receptor blockade. Adenosine is a known 
inhibitor of the respiratory center, and methylxanthines are 
competitive antagonists at adenosine receptors. 

A, D These actions may contribute to the improvement of 
apneic episodes but are not the primary mechanism of the 
therapeutic effect of xanthines in infant apnea. 

B, E Methylxanthines cause effects opposite to those listed. 


Learning objective: list the main condition that can increase the 
clearance of theophylline. 

10. D The clearance of theophylline can be affected by many 
conditions; some decrease the clearance, and some increase 
it. Factors that can increase clearance are smoking, and 
concomitant treatment with drugs that induce the P-450 
system, such as barbiturates and rifampin. Theophylline 
clearance is also higher in children than in adults. 

A, B These factors actually can decrease, not increase, the 
clearance of theophylline. 

C, E These drugs do not affect theophylline clearance. 

learning objective: Describe the mechanism of the improvement 
of the ventilation/perfusion ratio by albuterol. 

11. C In severe bronchospastic disorders, the ventilation/perfu- 
sion ratio is decreased because the narrowing of bronchial 
lumen decreases ventilation. By dilating the bronchial mus- 
culature, agonists such as albuterol increase ventilation, 
thus increasing the ratio. A high ratio increases the partial 
pressure of oxygen, which in turn decreases cyanosis and 
dyspnea. 

A, E Beta-2 agonists can have these actions, but they are 
not the cause of the beneficial effect of albuterol in this 
patient. 

B Because activation of p 0 receptors causes vasodilation, 
albuterol actually increases, not decreases, pulmonary per- 
fusion. 

D Albuterol-induced vasodilation can decrease pulmonary 
artery pressure, but this would decrease, not increase, the 
ventilation/perfusion ratio. 

learning objective: Describe the proposed mechanisms of anti- 
asthmatic action of theophylline. 

12. E The antiasthmatic action of theophylline seems to result 
from both bronchodilating and nonbronchodilating actions. 
The inhibition of phosphodiesterase 4 (PDE 4 ) in smooth mus- 
cle most likely explains the bronchodilating activity. Proposed 
nonbronchodilating mechanisms involve inhibition of PDE 4 
in inflammatory cells, which most likely reduces the release 
of inflammatory cytokines and enhances histone deacetyla- 
tion (acetylation of histone is needed for activation of in- 
flammatory gene transcription). 

A, B Ipratropium and salmeterol are bronchodilators but 
are devoid of antiinflammatory actions. 

C, D Zileuton and zafirlukast have antiinflammatory ac- 
tions but are devoid of bronchodilating activity. 



learning objective: Describe the main adverse effects of the- 
ophylline. 

13. D Methylxanthines stimulate gastric secretion, which can 
explain the abdominal discomfort that frequently occurs after 
the administration of theophylline. The effect on gastric se- 
cretion is most likely due to theophylline-induced inhibition 
of phosphodiesterase, which in turn increases intracellular 
cyclic adenosine monophosphate (cAMP), thus causing an 
activation of H + /K + ATPase. 

A-C, E Theophylline causes effects opposite to those listed. 

learning objective: Explain the likely cause of arrhythmia in an 
asthmatic patient under albuterol therapy. 

14. EThe patient’s severe asthma most likely caused hypoxemia, 
which by itself can predispose to arrhythmias. Moreover, the 
patient was likely receiving a high dose of (3 agonists, as the 
increased dyspnea prompted him to increase the number of 
puffs taken daily. Tachycardia is a common adverse effect of 

agonists, likely due to activation of (3 0 receptors in the 
heart, as well as to reflex effects that stem from (3 0 receptor- 
mediated vasodilation. 

A, B, D Ipratropium and glucocorticoids very seldom cause 
systemic effects when taken by the inhaled route. 

C Duodenal ulcer is not a risk factor for arrhythmias. 

learning objective: Describe the interaction between erythromy- 
cin and theophylline. 

15. D Erythromycin has been reported to inhibit the cytochrome 
P-450-mediated metabolism of several drugs, including the- 
ophylline. Because theophylline has a narrow therapeutic 
index, it is appropriate to decrease the dosage of the drug for 
the duration of the erythromycin therapy to avoid overdose 
toxicity. 

A-C, E Because the patient’s asthma is well controlled, 
there is no need to change the therapeutic regimen. 

learning objective: Describe the main adverse effects of the- 
ophylline. 

16. EThe signs and symptoms of the patient suggest theophyl- 
line overdose toxicity. Methylxanthine overdose can cause 
nausea and vomiting (likely due to stimulation of the che- 
moreceptor trigger zone), headache, tremor, nervousness, 
tinnitus (likely due to stimulation of many areas of the cen- 
tral nervous system), and tachycardia (likely due to increased 
cyclic adenosine monophosphate [cAMP] and blockade of 
adenosine receptors). 

A-D These drugs do not cause the effects from which the 
patient was suffering. 


Learning objective: Explain the mechanism of action ofroflumilast. 

17. CRoflumilast is a selective phosphodiesterase 4 inhibitor in 
bronchial smooth muscle that has been approved by the 
U.S. Food and Drug Administration for chronic obstructive 
pulmonary disease. Inhibition of phosphodiesterase results 
in higher concentrations of intracellular cyclic adenosine 
monophosphate (cAMP). In comparison to theophylline, ro- 
flumilast has lower overdose toxicity and less potential for 
drug-drug interactions. 

A, B, D, E See correct answer explanation. 

Learning objective: Describe the effects of albuterol on pulmo- 
nary function testing in asthmatics. 

18. E Albuterol is a (3 0 agonist currently used as a bronchodila- 
tor in treating asthma. By dilating the bronchial tree, all 
bronchodilators can increase the forced expiratory volume 
in 1 second (FEV^. The FEVj is the most useful parameter in 
diagnosing and monitoring patients with obstructive pul- 
monary disease. 

A Total lung capacity (TLC) is the amount of air in the 
lungs after maximum inflation. TLC is normal or increased 
in obstructive disorders. Bronchodilators do not significantly 
affect TLC. 

BPeak expiratory flow (PEF) is the highest forced respira- 
tory flow measured by a peak flow meter. PEF is decreased 
in obstructive respiratory disorders. All bronchodilators in- 
crease, not decrease, PEF. 

C Forced vital capacity (FVC) is the maximum amount of 
air forcibly expired after maximum inspiration. FVC is nor- 
mal or decreased in obstructive respiratory disorders. All 
bronchodilators can increase, not decrease, FVC. 

D Residual volume (RV) can be expressed as 

RV= TLC- FVC 

RV is normal or increased in obstructive respiratory disor- 
ders. All bronchodilators decrease, not increase, RV. 

learning objective: Describe the main therapeutic uses of the- 
ophylline. 

19. B Cheyne-Stokes breathing, which occurs in various disease 
states, including following stroke, is a type of periodic breath- 
ing in which periods of hyperpnea alternates with periods 
of apnea. Methylxanthines such as theophylline and caffeine 
have been shown to improve Cheyne-Stokes respiration, 
probably because of their stimulant effect on the respiratory 
center. 

A Neostigmine actually can worsen urge incontinence, 
because it increases urinary bladder contractility. 

C-F These drugs have no effect on Cheyne-Stokes breath- 
ing, urge urinary incontinence, or limb spasticity. 




learning objective: Explain the therapeutic uses of omalizumab. 

20. E Omalizumab is a monoclonal anti-immunoglobulin E(IgE) 
antibody that binds to free IgE in the serum, preventing 
binding of IgE to high-affinity receptors on mast cells, block- 
ing initiation of the allergic inflammatory cascade. Omali- 
zumab is effective in reducing asthma exacerbations and the 
inhaled and oral dose requirement for glucocorticoids in pa- 
tients with severe asthma. It is administered subcutaneously 
every 2 to 3 weeks. Potentially serious adverse effects in- 
clude anaphylaxis, which can occur after any dose, even if 
previous doses had been well tolerated, and may occur as 
long as 1 day after administration. 

A, B The patient is already receiving a (3 agonist and a glu- 
cocorticoid, so the addition of other drugs with the same 
mechanism of action would be irrational. 

C, D, F These drugs are usually minimally effective in se- 
vere asthma. 

Learning objective: Calculate the loading dose of theophylline, 
given sufficient data. 

21. A The loading dose of a drug given intravenously can be cal- 
culated as follows: 

LD = V A x C , 

d p’ 

where LD = loading dose, V d = volume of distribution, and 
C p = plasma concentration. Because theophylline does not 
distribute into adipose tissue, the ideal body weight (70 kg) 
can be used to calculate the LD. Therefore, 

LD = 0.5 x 70 x 15 =525 mg 

B-E See correct answer explanation. 

Learning objective: Describe the main adverse effects of (3 2 
agonists. 

22. E Beta-2 agonists promote the uptake of potassium into the 
cells, likely by stimulating Na + /K + ATPase. High doses of these 
drugs can cause hypokalemia, and these drugs are some- 
times used in the therapy of hyperkalemic states. In this 
case, hypokalemia is even more likely because of the earlier 
treatment with insulin (insulin tends to cause hypokalemia, 
as it promotes potassium entry into cells). 

A Both hypertension and hypotension can be adverse ef- 
fects of albuterol, but in this patient, hypotension is more 
likely due to the hypokalemia. 

B-D Beta-2 agonists tend to cause effects opposite to those 
listed. 


Learning objective: Describe the therapeutic uses of salmeterol. 

23. C Forced expiratory volume (FEVj) is one of the best indica- 
tors of the severity of a bronchospastic disorder. FEVj be- 
tween 60 and 80%ofthe predicted value indicates moderate 
disease. Because the patient’s symptoms occurred daily, her 
asthma can be classified as moderate persistent. The pre- 
ferred treatment for moderate persistent asthma is a low to 
medium dose of inhaled corticosteroids and a long-acting 
inhaled (3 2 agonist such as salmeterol daily, plus a short-acting 
inhaled (3 0 agonist such as albuterol, as needed. 

A Theophylline is very rarely used today for the therapy of 
asthma. 

B This drug, used in the past, is now obsolete. 

D Beta-blockers are contraindicated in asthmatics. 

E Aspirin is relatively contraindicated in asthmatics. 

Learning objective: Describe the main therapeutic actions of al- 
buterol in bronchospastic disorders. 

24. B A patient who is artificially ventilated cannot clear bron- 
chial secretions, mainly because effective cough cannot be 
performed. Beta-2 agonist drugs improve mucociliary clear- 
ance and are therefore often given to patients on artificial 
ventilation to decrease airway resistance and to remove se- 
cretions from bronchial mucosa. 

A Epinephrine, by activating (3 0 receptors, can improve 
mucociliary clearance but would cause several adverse ef- 
fects in this patient due to its cardiovascular actions. 

C Ipratropium has bronchodilating activity but does not 
improve mucociliary clearance, although, unlike other anti- 
cholinergic drugs, it does not reduce bronchial secretions and 
therefore does not affect mucociliary clearance. 

D-F Corticosteroids and leukotriene pathway inhibitors 
have no effect on mucociliary clearance. 

learning objective: Explain the molecular mechanism of act ion of 

ipratropium. 

25. B Ipratropium is an antimuscarinic drug. By blocking M 3 
acetylcholine receptors in the bronchial tree, these drugs pre- 
vent the increased synthesis of inositol triphosphate, which 
in turn triggers the release ofCa 2+ from storage vesicles. 

A, C, D These drugs do not block muscarinic receptors. 

E Like ipratropium, atropine can block M 3 acetylcholine 
receptors in the bronchial tree, thus counteracting the ace- 
tylcholine-mediated increase in Ca 2+ availability. However, 
anticholinergics (except ipratropium and tiotropium) are 
usually contraindicated in bronchospastic disorders because 
they decrease bronchial secretion and mucociliary clearance. 



learning objective: Describe the mechanism of action of ipra- 
tropium. 

26. D The patient’s history and symptoms indicate that he was 
most likely suffering from chronic obstructive pulmonary 
disease (COPD). Ipratropium is a first-line agent in COPD 
because its action in these patients is equal or superior to 
that achieved by (3 0 agonists. Ipratropium is a quaternary 
ammonium antimuscarinic drug. Unlike tertiary amines, 
quaternary ammonium antimuscarinic drugs mainly block 
muscarinic receptors but also have a significant blocking ac- 
tivity on nicotinic Nn receptors. Therefore, inhaled ipratro- 
pium can block both M 3 receptors on bronchial smooth 
muscle and Nn receptors located in small parasympathetic 
ganglia within the bronchial tree. Both actions can contrib- 
ute to the final bronchodilating effect of the drug. 

A This activation would cause bronchoconstriction, not 
bronchodilation. 

B This is a mechanism of action of glucocorticoids. These 
drugs are not bronchodilators, and they are used only in pa- 
tients with advanced COPD and frequent exacerbations. 

C This is the mechanism of action of (3 0 agonists. These 
drugs are contraindicated in this patient because of the his- 
tory of ventricular tachycardia. Patients who have survived 
an episode of sustained ventricular tachycardia or ventricu- 
lar fibrillation have an extraordinarily high risk of experi- 
encing a recurrent arrhythmia. 

E Leukotriene receptor blockers are not bronchodilators 
and are not used in COPD. 

Learning objective: Describe the bronchodilating use of ipratro- 
pium when P 2 adrenoceptor agonists are contraindicated. 

27. C Accepted guidelines for the treatment of asthma indicate a 
short-acting (3 0 agonist as needed in all patients. In this case, 
however, the patient’s atrial fibrillation contraindicates the 
use ofp, agonists. In general, when drugs are given by inha- 
lation, only 10 to 20%ofthe dose can reach the target site of 
action (lower airways); the rest is swallowed and can be ab- 
sorbed by the intestine, causing systemic effects. Ipratro- 
pium is an effective bronchodilator agent, and the swallowed 
dose is not absorbed by the intestine (the drug is a quater- 
nary ammonium compound). Moreover, in this patient 

• The bronchospasm was triggered by emotional upset, and 
it has been shown that inhaled anticholinergic drugs can 
block this response. 

• The nocturnal awakening indicates that the bronchospasm 
is triggered by a prevalence of the parasympathetic sys- 
tem (which is predominant during the night), so an anti- 
muscarinic drug is appropriate. 

A, E These drugs are not bronchodilators and cannot be 
used for relief of bronchospasm. 


B Oral sustained-release theophylline is an effective bron- 
chodilator, but it has the potential to cause more adverse 
effects, may interfere with sleep, and is less effective than 
ipratropium. 

D See correct answer explanation. 

learning objective: Explain the mechanism of the antiasthmatic 
action of fluticasone. 

28. C Current therapeutic strategies available for the treatment 
of asthma include inhibition of eicosanoid biosynthesis (glu- 
cocorticoids), inhibition of leukotriene biosynthesis (zileu- 
ton), activation of (3 0 receptors ((3 0 agonists), and blockade 
of leukotriene receptors (zafirlukast). The glucocorticoid- 
induced inhibition of eicosanoid biosynthesis is mediated by 
the inhibition of phospholipase A^ the enzyme that releases 
arachidonic acid from membrane-bound phospholipids. 

AThis would be the mechanism of action of ipratropium. 

B This would be the mechanism of action of zafirlukast. 

D, E These receptors are not involved in bronchodilation. 

F Activation (not inhibition) of lipocortin biosynthesis 
mediates the glucocorticoid-induced inhibition of phospho- 
lipase A^ 

Learning objective: Describe the main adverse effects of inhaled 
glucocorticoids. 

29. C Local adverse effects of inhaled glucocorticoids include 
cough, dysphonia, and oral candidiasis. Candida albicans is 
a fungal organism that is a normal constituent of oral flora, 
but it can cause infection when cellular immunity is com- 
promised due to corticosteroids. 

A, B, D-F All of these adverse effects can occur with oral 
glucocorticoids but are extremely rare with inhaled gluco- 
corticoids. 

Learning objective: Describe the use of oral glucocorticoids in 
bronchospastic disorders. 

30. A Oral steroids are usually administered to treat severe 
asthma that is not controlled by other antiasthmatic drugs. 
Corticosteroids have potent antiinflammatory activity, and 
although they are not direct bronchodilators, they can re- 
lieve bronchial obstruction by improving the responsiveness 
ofp, receptors to agonists. 

Alpratropium is not administered by the oral route. 

C Omalizumab is a monoclonal anti-immunoglobulin E 
(IgE) antibody approved for the treatment of allergic asthma. 
It is not given by inhalation. 

D Theophylline is not given by inhalation. 

E Because a leukotriene antagonist (zafirlukast) was not 
effective, it is unlikely that an inhibitor of leukotriene syn- 
thesis (zileuton) would be effective. 




learning objective: Choose the right drug for the therapy of mild 
seasonal asthma. 

31. A Inhaled short-acting (3 0 agonists are considered first-line 
drugs for the treatment of asthma. According to current 
guidelines, a short-acting (3 0 agonist should be given as 
needed to all patients with asthma. Because the patient’s 
asthma is mild, inhaled albuterol as needed is most likely the 
preferred drug. 

B Oral steroids are administered only in case of severe 
asthma that is not controlled by other antiasthmatic drugs 

C Ipratropium alone is not used for the treatment of 
asthma. It can be used with albuterol in severely ill patients 
where it has been shown to improve pulmonary function. 

D Zafirlukast is an antiinflammatory, not a bronchodilat- 
ing, drug. Therefore, it is never used alone to treat asthma. 

E Salmeterol is a long-acting (3 0 agonist. Monotherapy treat- 
ment of asthma with long-acting (3 0 agonists is contraindi- 
cated because it was found that this therapy increases the 
risk of asthma-related events (i.e., asthma-related hospitali- 
zation, asthma-related intubation, and asthma-related death). 
A black box warning about monotherapy is required by the 
U.S. Food and Drug Administration. However, combination 
products containing a long-acting (3 0 agonist with an inhaled 
steroid can retain current indications, including asthma, as 
an increased risk of asthma-related complications was not 
demonstrated with this combination. 

Learning objective: Choose the appropriate drug as a substitute 
for zafirlukast when this drug has caused a disturbing adverse 
effect. 

32. B The patient improved when zafirlukast was added to the 
therapy, but the drug caused a disturbing adverse effect. 
When a drug is effective but causes an adverse effect, a good 
therapeutic strategy is to change the drug with another that 
has a similar effect but different chemical structure. Zileuton 
is a lipoxygenase inhibitor. Its final effect is similar to that 
of zafirlukast (i.e., to decrease leukotriene activity), but its 
mechanism of action is different. The clinical use of zileuton 
is limited due to the potential for elevated liver enzymes and 
liver injury, and immediate-release tablets were discontin- 
ued in the United States. Extended-release tablets are still 
available and can be used in specific cases, as in this one. 

A The patient was already using salmeterol. There is no 
need to add an inhaled (3 0 agonist. 

C Theophylline is not used by inhalation. 

D Omalizumab is given only in cases of severe refractory 
asthma. 

E Montelukast is close chemically to zafirlukast and has 
the same mechanism of action. Therefore, the risk of head- 
ache would be significant in this patient. 


Learning objective: Explain the mechanism of action of dornase 
alfa. 

33. CThe principal source of DNAin the sputum of cystic fibro- 
sis patients is from the nuclei of degenerating neutrophils 
that accumulate in the lung because of chronic bacterial in- 
fections. DNA is the principal factor that increases the vis- 
cosity of the sputum in these patients. Dornase alfa is a 
recombinant human deoxyribonuclease that is administered 
by inhalation. It degrades the DNA, which has been shown to 
significantly decrease the viscosity of the sputum, thus re- 
ducing obstruction and the severity of respiratory infections. 

A, B, D, E See correct answer explanation. 

Learning objective: Identify the appropriate drug to treat cough 
in an asthmatic patient. 

34. C Opioids are among the most effective drugs available for 
the suppression of cough. Their action is primarily due to the 
depression of the respiratory neurons in the brainstem, but 
the receptors involved in the antitussive effect appear to dif- 
fer from those associated with other actions of opioids. For 
example, dextromethorphan, a stereoisomer of a levorpha- 
nol derivative, has lost the analgesic, sedative, and addictive 
properties of the parent compound but is an effective cough 
suppressant with potency nearly equal to that of codeine. 
The drug can be an appropriate cough suppressant in asth- 
matic patients. 

A Codeine is the most commonly used cough suppressant 
but is not indicated in asthmatic patients because opioids 
can cause respiratory depression even when given in sub- 
analgesic doses. This respiratory depression does not occur 
with dextromethorphan. 

B, D Theophylline and ipratropium are not used as anti- 
tussives. 

E Dornase alfa is a mucolytic drug. Mucolytics can help the 
expectoration but cannot depress the respiratory neurons. 

F Strong opioids are not used as antitussives. 
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Answers and Explanations: VI-2 Drugs for Gastrointestinal Disorders 


Questions 1-8 

1. K 

2. P 

3. N 

4. Q 

5. O 

6. E 

7. F 

8 . H 

learning objective: Explain why many antacid preparations on the 
market contain a combination of magnesium hydroxide and alu- 
minum hydroxide. 

9. E Because magnesium hydroxide tends to cause diarrhea, 
and aluminum hydroxide tends to cause constipation, a com- 
bination of the two can have a balanced effect on intestinal 
motility without any loss of antacid effectiveness. 

A Antacid preparations have no bactericidal effect on Heli- 
cobacter pylori. 

B Overdose toxicity is extremely rare because intestinal 
absorption of these drugs is negligible. 

C Interactions between antacids and other drugs given 
concomitantly is uncommon and is mainly due to the in- 
crease ofthe pH of intestinal contents, not to the specific salt 
used as an antacid. 

D Because magnesium hydroxide tends to increase gastric 
emptying, and aluminum hydroxide tends to do the oppo- 
site, the combination actually has little effect on gastric 
emptying. 

Learning objective: Outline the use of H 2 antagonists in stress- 
induced peptic ulcer. 

10. F Acute stress-related mucosal bleeding is a type of erosive 
gastritis that occurs in critically ill patients with severe psy- 
chological stress (surgery, trauma, sepsis, etc.). The patient 
was in septic shock, and her abdominal pain suggested that 
stress-related mucosal bleeding was impending. Therefore, 
she needed aggressive prophylactic treatment. H 0 antago- 
nists are the most widely used drugs for prevention of stress 
ulcer. They must be given intravenously, and infusion is 
more effective than a single bolus in maintaining the gastric 
pH above 4. Although proton pump inhibitors (not listed) 
would appear to be the preferred option because of their 
greater ability to inhibit gastric acid secretion, there is very 
little evidence to confirm the clinical superiority to H 0 an- 
tagonists for stress ulcer prevention. 

A, B These drugs have no antiulcer properties. 

C-E These antiulcer drugs are much less effective than H 2 
antagonists and are not suited for emergency treatment. 


Learning objective: Identify the site of antiemetic action of 
ondansetron. 

11. A Serotonergic antagonists such as ondansetron are cur- 
rently considered to be first-line agents for prevention of 
chemotherapy-induced nausea and vomiting. Ondansetron 
and congeners block 5-HT 3 serotonin receptors located in 
the nucleus tractus solitarius (likely the main site of action), 
chemoreceptor trigger zone, and visceral afferent nerves. 
In this way, it is thought that they can prevent both periph- 
eral and central stimulation ofthe vomiting center. 

B-E See correct answer explanation. 

learning objective: Explain the mechanism of action of methyl- 
cellulose. 

12. E Methylcellulose is an indigestible hydrophilic polysaccha- 
ride polymer that absorbs water, forming a bulky gel that 
distends the intestine, thus stimulating peristaltic activity. It 
acts mainly in the colon and takes 1 or 2 days to work. The 
laxative effect is mild. 

A-D All of these laxatives act mainly in the small intestine. 

Learning objective: Outline the use of lactulose in portal-systemic 
encephalopathy. 

13. B Eliminating toxic enteric products (mainly fecal ammonia) 
is a therapeutic goal in portal-systemic encephalopathy. 
Patients with severe liver disease have an impaired capacity 
to detoxify ammonia coming from the colon, where it is pro- 
duced by bacterial metabolism of fecal urea. Ammonia is an 
important cause of brain toxicity. Lactulose, in high doses, 
can lower colonic pH, which results in “trapping” of the am- 
monia by its conversion to polar ammonium ion, which is 
poorly absorbed. 

A, C-F See correct answer explanation. 

Learning objective: Describe the effects of aluminum hydroxide 
on serum ions. 

14. E Aluminum salts bind phosphate in the gut, preventing 
phosphate absorption. Moreover, they can induce a blood- 
to-gut phosphorus gradient that favors the elimination of 
circulating phosphate. In fact, chronic use of high doses of 
aluminum salts is one ofthe common causes of hypophos- 
phatemia. The disorder is usually asymptomatic, but severe 
phosphorus depletion can cause anorexia, muscle weakness, 
and osteomalacia. 

A-D Aluminum salts usually do not cause this effect. 




learning objective: Explain the molecular mechanism of the anti- 
diarrheal action of loperamide. 

15. E Loperamide is an opioid agonist that directly activates mu 
(p) receptors in the enteric nervous system. This activation 
of enteric neurons and smooth muscle ultimately causes a 
decrease in contraction of intestinal longitudinal muscle and 
a marked increase in contraction of circular muscle. There- 
fore, propulsive peristaltic waves are diminished, and tone 
is increased, thus relieving diarrhea. 

A-D, F Loperamide cannot bind these receptors. 

Learning objective: Explain why the dose ofH 2 histamine antago- 
nists must be reduced in patients with renal insufficiency 

16. D The high creatinine level indicates that the patient was 
suffering from chronic renal insufficiency. Famotidine is an 
H 2 histamine antagonist. All drugs of this class are cleared 
mainly by the kidney. Although the overdose toxicity of H 0 
antagonists is quite low, the dosage should be reduced in 
elderly patients with renal insufficiency, as in this case. 

A-C, E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of bismuth 
subsalicylate. 

17. B The patient is most likely affected by travelers’ diarrhea, 
which typically begins within 24 to 48 hours after eating 
fecally contaminated food. Several enterobacteriaceae can 
cause travelers’ diarrhea, varying according to the area of 
travel. Escherichia coli is the most common in Central Amer- 
ica. Bismuth subsalicylate is effective in patients with diar- 
rhea caused by E. coli, Helicobacter pylori, Campylobacter jejuni, 
and Salmonella species and also inhibits enteric secretions. 

A Magnesium sulfate is an osmotic laxative and therefore 
is contraindicated in the treatment of diarrhea. 

C, D These antibiotics are not effective against entero- 
bacteriaceae. 

E, F These drugs have no antidiarrheal properties. 

Learning objective: Outline the therapeutic use of infliximab in 
Crohn disease. 

18. ETreatment ofmild colonic Crohn disease can start with sul- 
fasalazine or glucocorticoids. If remission is not achieved, 
infliximab, azathioprine, or methotrexate is added. An im- 
portant proinflammatory cytokine in Crohn disease is tumor 
necrosis factor (TNF). Infliximab is a monoclonal antibody 
that binds to soluble and membrane-bound TNF with high 
affinity, thus preventing the binding of the cytokine to its 
receptors. 

A, C To add these drugs is irrational, as prednisone and 
sulfasalazine were not effective. 

B Daclizumab is a monoclonal antibody used only for 
treatment of acute organ rejection. 


D Antibiotics have no role in remission induction. Metro- 
nidazole is sometimes used in fistulizing disease or in pa- 
tients with abscesses, but amikacin is not effective against 
anaerobes, the prevalent bacteria in intestinal flora. 

learning objective: Explain the mechanism of action of antacids. 

19. C Antacids are salts of sodium, calcium, magnesium, and/or 
aluminum. They react with the hydrochloric acid of the 
stomach to form chlorides, water, and carbon dioxide. In 
this way, they neutralize gastric acidity and raise the gastro- 
intestinal pH sufficiently to relieve the pain of heartburn. 

A Because antacids neutralize gastric acid, the gastric 
secretion of hydrochloric acid and pepsin is stimulated, not 
inhibited. 

B, D, E Antacids do not cause these effects. 

Learning objective: Outline the therapy for ulcerative colitis. 

20. E The patient’s symptoms, together with macroscopic and 
microscopic findings, suggest that he was most likely af- 
fected by ulcerative colitis. The limitation of the lesions to 
the superficial mucosa and crypt abscesses confirm the diag- 
nosis (Crohn disease involves all layers of the bowel from 
mucosa to serosa). Remission induction in ulcerative colitis 
is usually accomplished with glucocorticoids. Their effects 
on inflammatory bowel disease are well documented, but the 
response in individual patients is variable. About 40%of pa- 
tients are responsive, 40% have only partial response, and 
20%are resistant. 

A, B Antibiotics such as metronidazole and clarithromy- 
cin are used only as adjunctive treatment along with other 
medications. 

C, D These drugs are not effective and may be dangerous 
in inflammatory bowel disease. 

Learning objective: Identify the receptors that can be blocked by 

metoclopramide. 

21. E Metoclopramide is a dopamine D 2 receptor antagonist, a 
serotonin 5-HT 3 receptor antagonist, and a serotonin 5-HT 4 
receptor agonist. In the enteric nervous system, all of these 
molecular actions seem to contribute to the final effect that 
is related to an increased activity of cholinergic motor neu- 
rons. In this way, the drug exerts a prokinetic effect; that is, 
it increases the lower esophageal sphincter tone and en- 
hances transit in the upper digestive tract. It has negligible 
effects on gastric secretion or motility of the large intestine. 
In addition, the blockade ofD 2 receptors and 5-HT 3 receptors 
in the chemoreceptor trigger zone can explain the anti- 
emetic activity of the drug. 

A-D See correct answer explanation. 




Learning objective: Outline the therapeutic uses of proton pump 

inhibitors. 

22. EThe patient is most likely suffering from Zollinger-Ellison 
syndrome, a rare condition characterized by a triad of clini- 
cal findings, including severe recurrent peptic ulcer disease, 
significant hypersecretion of gastric acid, and a tumor of the 
pancreas (gastrinoma) that functions as an ectopic source 
of gastrin. This tumor is usually located in the pancreas but 
can be found in other regions, particularly the duodenum. 
Currently, most patients with gastrinomas can be effectively 
treated with high doses of a drug such as omeprazole that 
inhibits H + /K + ATPase in gastric parietal cells. 

A-D These are the mechanisms of action of H 0 -receptor 
antagonists (A), misoprostol (B), sucralfate (C), and antacids 
(D). All of these antiulcer drugs are less effective than proton 
pump inhibitors in reducing gastric acid secretion and there- 
fore are not first-line agents in Zollinger-Ellison syndrome. 

Learning objective: Describe the drug classes used to treat 

chemotherapy-induced nausea and vomiting. 

23. A Serotonergic antagonists are currently considered first- 
line agents to prevent chemotherapy-induced nausea and 
vomiting. Ondansetron and congeners block 5-HT 3 recep- 
tors located in the nucleus of the tractus solitarius (likely 
the main site of action), chemoreceptor trigger zone, and 
visceral afferent nerves. In this way, it is thought that they 
can prevent both peripheral and central stimulation of the 
vomiting center. 

B, E These drugs can cause, not prevent, nausea and 
vomiting. 

C, D These drugs have antiemetic properties but are much 
less effective than serotonergic antagonists in chemothera- 
py-induced nausea and vomiting. 

learning objective: Describe the antiemetic activity of dronabinol. 

24. D Dronabinol is a A 9 'tetrahydrocannabinol, the most active 
cannabinoid from cannabis. Its mechanism of antiemetic 
action is still uncertain, but the drug likely activates specific 
cannabinoid receptors in the vomiting center. Because of the 
availability of more effective agents, dronabinol is uncom- 
monly used in patients receiving cancer chemotherapy, but 
can be a useful addition when other antiemetic medications 
are not effective, as in this case. 

A-C These drugs are devoid of antiemetic properties. 

E It would be illogical to add a glucocorticoid drug when 
dexamethasone was not effective. 

F Meclizine is an antihistamine agent useful in prevention 
of motion sickness-induced vomiting. Antihistamines are not 
effective in chemotherapy-induced vomiting. 


Learning objective: Identify the drug that inhibits the action of a 
neurotransmitter released by enterochromaffin-like cells of the 
stomach. 

25. D Heartburn is caused by gastroesophageal reflux disease 
(GERD). Drugs for heartburn act by decreasing the secretion 
of or neutralizing hydrochloric acid in the stomach. They in- 
clude antacids, H 0 antagonists, and proton pump inhibitors. 
H 0 antagonists such as famotidine block H 0 receptors, thus 
inhibiting the action of histamine that is released from en- 
tero chromaffin -like cells located on the stomach wall. 

A-C, E, F See correct answer explanation. 

Learning objective: Describe the adverse effects of meto- 
clopramide. 

26. F Metoclopramide is an antagonist ofD 2 and 5-HT 3 recep- 
tors. Blockade of D 0 receptors in the central nervous system 
can cause dizziness and drowsiness, and blockade of D 2 re- 
ceptors in the pituitary leads to hyperprolactinemia, a com- 
mon adverse effect of metoclopramide. 

A-E These drugs can be used for gastroesophageal reflux 
disease, but they do not cause hyperprolactinemia. 

foaming objective: Outline the therapeutic use of H 2 blockers in 
gastroesophageal reflux disease (GERD). 

27. A The patient was most likely suffering from GERD. Because 
the patient requested a medication to specifically prevent 
meal-related symptoms, H 0 antagonists such as famotidine 
are appropriate. Their onset of symptom relief occurs within 
30 to 45 minutes and persists up to 10 hours. They also have 
a beneficial effect of reducing nocturnal acid secretion, which 
is mainly histamine-dependent. Proton pump inhibitors (not 
listed) have an efficacy higher than that of H 0 antagonists 
with regard to symptom relief and duration of suppression, 
but their onset of activity is slower (2 to 3 hours), and com- 
plete relief may take up to 4 days of therapy. 

B Atropine is actually contraindicated, as it may favor 
reflux by relaxing the lower esophageal sphincter. 

C-E These drug are of no value in GERD. 

F This drug would be indicated only in case ofpeptic ulcer, 
which is unlikely in this patient. 

Learning objective: Identify the antacid with the greater risk of 
metabolic alkalosis. 

28. A All antacids can cause metabolic alkalosis, due to the 
spared endogenous bicarbonate that is secreted in the stom- 
ach under prostaglandin E 2 control. In addition, exogenous 
bicarbonate is readily and completely absorbed; therefore, 
the risk of metabolic alkalosis is higher than that of calcium, 
magnesium, and aluminum salts that have an oral bioavail- 
ability less than 30% 

B-E See correct answer explanation. 



learning objective: Describe the effects ofcimetidine-theophylline 
interaction. 

29. B The symptoms of the patient are most likely due to the- 
ophylline overdose. Cimetidine (and, to a lesser extent, 
ranitidine, but not other H 0 blockers) strongly inhibits the 
cytochrome P-450 system, decreasing the metabolism of 
several drugs, including theophylline. Because theophylline 
has a low therapeutic index, even a small increase in plasma 
drug concentration can cause symptoms of overdose toxicity. 

A, C-E See correct answer explanation. 

Learning objective: Identify the best laxative for a patient with 
renal insufficiency. 

30. A Lactulose is a nonabsorbable sugar that is hydrolyzed in 
the colon to organic acids. These acids draw water into the 
lumen by osmotic forces, stimulating colonic propulsive 
motility by stretching the colonic wall. The laxative effect is 
mild. 

B Castor oil is too strong a cathartic to be used regularly. 

C, D Magnesium and phosphate preparations are contra- 
indicated in renal insufficiency because the small amount of 
absorbed salt cannot be readily excreted, thus causing sys- 
temic toxicity (hypermagnesemia or hyperphosphatemia). 

EMineral oil has several adverse effects (interference with 
absorption of fat-soluble substances, elicitation of foreign- 
body reaction) that preclude its regular use. 

learning objective: Describe the best treatment in case of laxative- 
induced diarrhea. 

31. D Wh en diarrhea is experienced with the use of laxatives, 
the laxative should be discontinued until resolution of the 
diarrhea. A diet rich in fiber and abundant fluid intake usu- 
ally helps to normalize the intestine. 

A The situation is not self- limiting. Tolerance to bisacodyl 
is negligible. 

B, C These options would maintain the drug-induced 
diarrhea. 

E Castor oil is too strong a cathartic to be used regularly. 

Learning objective: Explain the molecular mechanism of action 
of aprepitant. 

32. CNK t neurokinin receptors are located in the nucleus of the 
tractus solitarius in the brainstem. Activation of these re- 
ceptors by substance P and related substances causes an in- 
crease in firing to the vomiting center. Aprepitant is an 
NK^-receptor antagonist that is able to cross the blood-brain 
barrier. It has antiemetic effects, especially in cases of de- 
layed emesis, and it improves the efficacy of standard anti- 
emetic regimens in patients receiving multiple cycles of 
chemotherapy. 

A, B, D, E See correct answer explanation. 


Learning objective: Explain the efficacy of a triple-drug regimen 
in the therapy of Helicobacter pylori-associated ulcers. 

33. B For H. pylori - associated ulcers, there are two therapeutic 
goals: eradicate the H. pylori and heal the ulcer. The first goal 
is important because it has been shown that eradication of 
H. pylori almost completely eliminates the risk of ulcer re- 
currence. The most effective regimens for H. pylori eradica- 
tion are combinations of two antibiotics and a proton pump 
inhibitor. After completion of triple-drug therapy, the pro- 
ton pump inhibitor should be continued for 3 to 6 weeks to 
ensure complete ulcer healing. 

A, C, D Omeprazole has no bactericidal activity against 
H. pylori. It only creates a hostile environment for H. pylori 
by increasing gastric pH. 

E The triple-drug regimen can cure the ulcer in more than 
90% not up to 70% of cases. 

Learning objective: Describe the adverse effects of meto- 
clopramide. 

34. D The patient’s symptoms suggest that he is suffering from 
acute dystonia, an extrapyramidal syndrome that can occur 
after treatment with neuroleptics and other drugs that block 
D 2 receptors in the basal ganglia. Young patients, especially 
males who receive these drugs intravenously, are at greater 
risk of this adverse effect, as in this case. Metoclopramide is 
a drug with antiemetic properties, probably due to its block- 
ing activity on both D 2 an d 5 -ht 3 receptors located in the 
chemoreceptor trigger zone and the nucleus of the tractus 
solitarius. It is often used to treat postoperative nausea and 
vomiting. 

A-C, E These antiemetic drugs do not cause acute 
dystonias. 

Learning objective: Explain the mechanism of action of saline 
laxatives. 

35. D Saline laxatives such as magnesium salts (citrate and hy- 
droxide) and phosphate salts are poorly absorbed and hold 
water in the intestine by osmotic forces. The increased vol- 
ume of intestinal content stretches the intestinal wall, thus 
stimulating peristalsis. 

A Magnesium salts stimulate, not inhibit, cholecystokinin 
release. 

B The drug causes water retention in the intestinal lumen, 
not in the vessels. 

C This is the mechanism of action of mineral oil. 

E This is the mechanism of action of dietary fibers. 



learning objective: Describe the therapeutic uses of loperamide. 

36. A The patient’s symptoms suggest that she was most likely 
suffering from irritable bowel syndrome, a condition that af- 
fects 10 to 15%ofthe population in the United States. Many 
patients with this syndrome can be managed satisfactorily 
with simple medical counseling and supportive measures, 
including dietary restriction and fiber supplementation. The 
pharmacological treatment ofbowel symptoms (either diar- 
rhea or constipation) is symptomatic. In this case, an anti- 
diarrheal drug is needed. Opioid agonists such as loperamide 
and diphenoxylate are commonly used. They have the ad- 
vantage of negligible central nervous system (CNS) activity 
because penetration into the CNS is poor. Other drugs used 
for this purpose are muscarinic and 5-HT 3 antagonists. 

B-FDrugs from these classes would increase, not decrease, 
bowel movements. 

learning objective: Explain the mechanism of action of sucralfate. 

37. A Sucralfate is a mucosal protective agent. In a strong acid 
environment (pH < 4), the negatively charged sucrose sulfate 
undergoes extensive cross-linking to positively charged pro- 
teins to produce a viscous, sticky polymer that adheres to 
epithelial cells and ulcer craters for up to 6 hours after a 
single dose. 

B, E Sucralfate does not have these effects. 

C, D Sucralfate may have cytoprotective effects, including 
stimulation of local production of prostaglandins, which in 
turn can inhibit acid secretion and stimulate bicarbonate 
secretion, but this is not the main mechanism of action of 
the drug. 

Learning objective: Identify the most appropriate laxative used 

during pregnancy 

38. D Up to 30%of women experience constipation during preg- 
nancy. Laxatives must be used cautiously because they can 
increase motility and blood flow in the lower abdomen, and 
mild agents are preferred. A stool softener such as docusate 
or a bulk-producing product such as psyllium is commonly 
used. 

A-C, E, F Stimulant cathartics (castor oil, bisacodyl, and 
senna) and saline cathartics (magnesium hydroxide and so- 
dium sulfate) are not recommended during pregnancy. 

Learning objective: Identify the drug used to treat gastroesopha- 
geal reflux disease (GERD) in a patient with concomitant disorders. 

39. D The substernal pain and reflux of gastric contents into the 
esophagus are classic symptoms of GERD, a disorder that af- 
fects 7%ofthe population in the United States. Proton pump 
inhibitors such as omeprazole are effective in the treatment 
of GERD, and a once-daily dose for 4 weeks will heal 60 to 
80%of patients with severe esophagitis. 


A Atropine is contraindicated, because it may favor reflux 
by relaxing the lower esophageal sphincter. 

B, C These drugs are not effective in treating GERD. 

E Metoclopramide is used in the treatment of GERD be- 
cause it promotes gastric peristalsis and also increases the 
lower esophageal sphincter resting tone. However, it is con- 
traindicated in patients with Parkinson disease because it 
is a D 0 antagonist. 

F H 2 antagonists are currently used in GERD, but cimeti- 
dine is not appropriate in a patient taking other drugs be- 
cause it can inhibit the metabolism of most drugs, including 
selegiline. 

learning objective: Identify the best drug regimen to prevent 
chemotherapy-induced nausea and vomiting. 

40. C According to the guidelines for the use of antiemetics in 
oncology from the American Society of Clinical Oncology, 
the best regimen to prevent nausea and vomiting in patients 
undergoing chemotherapy is a three-drug combination of a 
5-HT 3 receptor antagonist, a glucocorticoid, and aprepitant. 
This combination prevents acute emesis in 80 to 90% of 
patients and prevents delayed emesis in more than 70%of 
patients. 

A Benzodiazepines have no direct antiemetic effect. They 
are sometimes added to the main regimen because the anti- 
anxiety effect could reduce the anticipatory component of 
nausea and vomiting. Ranitidine has no antiemetic effect. 

B Anticholinergic drugs such as scopolamine are not effec- 
tive in chemotherapy-induced nausea and vomiting. 

D Loperamide is not an antiemetic drug. 

E These drugs are used in chemotherapy-induced nausea 
and vomiting only when other antiemetic drugs are not 
effective. 

F See correct answer explanation. 

Learning objective: Describe the use of dronabinol as an appetite 
stimulant in treating AIDS. 

41. D Appetite-enhancing (also called orexigenic) drugs are a 
vast array of medications used to prevent undesired weight 
loss in the elderly and in patients suffering from such dis- 
eases as AIDS and cancer, which often result in wasting of 
the body’s muscle tissue, as well as overall weight loss. Agents 
with orexigenic effects include 5-HT 2C serotonin receptor an- 
tagonists (cyproheptadine), adrenergic antagonists (carve - 
dilol and mirtazapine), anabolic steroids (oxandrolone and 
nandrolone), glucocorticoids (cortisol, prednisone, and dexa- 
methasone), antidiabetic drugs (Insulin and glibenclamide), 
and cannabinoids. Dronabinol, the most active cannabinoid 
of cannabis, has been shown to stimulate appetite in pa- 
tients with AIDS and is often used for this purpose. 

A-C, E, F These drugs are devoid of orexigenic properties. 




learning objective: Identify the prokinetic drug that acts by open- 
ing type 2 chloride channels in the small intestine. 

42. CLubiprostone is a prokinetic drug that acts in the small in- 
testine. Several agents, commonly called laxatives, can stim- 
ulate intestinal motility in nonspecific or indirect ways, but 
the term prokinetic generally is reserved for agents that 
enhance intestinal transit through interaction with specific 
receptors. Lubiprostone is a prostaglandin E { derivative that 
appears to bind to prostaglandin E 4 receptors linked to acti- 
vation of adenylyl cyclase. This in turn can open specific type 
2 chloride channels in the luminal cells of the intestinal epi- 
thelium, increasing chloride-rich fluid secretion into the in- 
testine. Clinically, lubiprostone alters stool consistency and 
promotes regular bowel movements. Signs and symptoms 
related to constipation, including abdominal bloating, ab- 
dominal discomfort, stool consistency, and straining, are 


improved, and long-term data suggest a sustained response 
over a 6- to 12-month treatment period. 

A, B, D-F These drugs do not affect intestinal type 2 chlo- 
ride channels. 
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Answers and Explanations: VI-3 Drugs for Hematopoietic Disorders 


Questions 1-6 

1 B 

2. C 

3. A 

4. J 

5. K 

6. A 

learning objective: Explain the purpose of iron administration. 

7. B The patient’s history and lab results indicate that he was 
most likely suffering from iron deficiency anemia due to blood 
loss, which is the most common cause of the disease. In this 
case, the loss was most likely caused by naproxen therapy; the 
prevalence of endoscopically confirmed gastrointestinal ul- 
cers in nonsteroidal antiinflammatory drug users is 1 5 to 30% 
Iron is the standard therapy for iron deficiency anemia, and 
it acts only by replacing the severely depleted stores of the 
metal. 

A There are no specific receptors for iron. 

C-EIron does not cause these effects. 

Learning objective: Identify the risk associated with folic acid defi- 
ciency during pregnancy. 

8. B It has been shown that neural tube defects are associated 
with folic acid deficiency during pregnancy. Folate supple- 
mentation during early pregnancy may substantially reduce 
the risk of neural tube defects, such as spina bifida and 
encephalocele. 

A, C-F The risk of these congenital abnormalities is not re- 
lated to folic acid deficiency. 


foaming objective: Identify the most important body iron store. 

9. C Iron not used for erythropoiesis is stored in two storage 
pools. The most important is ferritin, a heterogeneous fam- 
ily of proteins formed around an iron core. Ferritin is found 
in hepatocytes, liver, bone marrow, macrophages, red blood 
cells, and serum. The pool is very labile and readily available 
to meet any body requirement for iron. The second storage 
pool of iron is hemosiderin, which is located primarily in the 
liver and bone marrow. 

A, B, D, E See correct answer explanation. 

Learning objective: Explain why folic acid is contraindicated in 

megaloblastic anemias due to vitamin B 12 deficiency. 

10. AThe patient’s megaloblastic anemia was most likely due to 
vitamin B p deficiency resulting from the previous total gas- 
trectomy. Administration of folic acid can correct the anemia 
caused by vitamin B p deficiency but does not prevent the 
potentially irreversible neurologic damage caused by vita- 
min B p deficiency. In this patient, treatment with folic acid 
would mask the hematologic signs of anemia, thus increas- 
ing the risk of neurologic symptoms due to undiagnosed vi- 
tamin B p deficiency. 

B-E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of folic acid. 

11. B The patient’s lab values indicate that she was suffering 
from megaloblastic anemia. Because the serum vitamin B p 
is normal, the anemia is most likely due to folic acid defi- 
ciency. The disorder is not rare in a pregnant woman with 
malnutrition and excessive alcohol intake, as in this case. 

A, C-E See correct answer explanation. 




learning objective: Outline the use of parenteral iron preparation 
in case of severe iron deficiency anemia. 

12. D The patient’s signs and symptoms, together with lab val- 
ues, indicate that she was suffering from severe iron defi- 
ciency anemia, probably related to chronic blood loss due to 
menorrhagia and overuse of nonsteroidal antiinflammatory 
drugs. Because the hemoglobin and ferritin levels are very 
low, parenteral iron therapy is mandatory. Iron sucrose is 
a preparation given by the parenteral route. It appears to 
be less likely than iron dextran to cause hypersensitivity 
reactions. 

A-C, E, F See correct answer explanation. 

foaming objective: Explain the mechanism of action of folic acid. 

13. B The patient’s symptoms and lab exams indicate that he 
was most likely suffering from megaloblastic anemia. The 
normal serum vitamin B p levels suggest that the anemia is 
due to folic acid deficiency, which can occur in people suf- 
fering from malabsorption syndromes, as in this case (see 
gluten enteropathy). Administration of folic acid can cure 
the anemia because folic acid is needed for the synthesis of 
tetrahydrofolate acid (THF). This molecule can subsequently 
be transformed into several THF cofactors that participate 
in many one-carbon unit transfer reactions. The reaction 
needed for purine and DNA synthesis transfers one carbon 
unit of N 5 -N 10 -methylenetetrahydrofolate to deoxyuridine 
monophosphate to form thymidine 5 '-monophosphate. In 
rapidly proliferating tissues, considerable amounts of THF 
are consumed in the reaction, and continued DNA synthesis 
requires continued regeneration of THF. Therefore, in folate 
deficiency, thymidine 5 '-monophosphate formation is de- 
creased, which in turn decreases the synthesis of DNA. RNA 
synthesis continues, resulting in increased cytoplasmic mass 
and maturation. Therefore, cytoplasmic maturity is greater 
than nuclear maturity, and megaloblasts are produced in the 
bone marrow. 

A This is an action of vitamin B 12 in the treatment of vita- 
min B p deficiency, which was not the case in this patient. 

CThis is an action of ferrous sulfate in the treatment of iron 
deficiency anemia, which was not the case in this patient. 

D The patient’s anemia was not caused by hemolysis. 

E The patient’s anemia was not caused by erythropoietin 
deficiency 

Learning objective: Describe the transport of iron to maturing 
erythroid cells. 

14. D Iron is transported in plasma bound to transferrin, a (3 
globulin that specifically binds ferric iron. The complex binds 
to a specific receptor located on erythroblasts and other 


proliferating erythroid cells. The complex is then internal- 
ized by endocytosis, releasing iron within the cell, and trans- 
ferrin and the receptors are recycled. 

A-C, E See correct answer explanation. 

learning objective: Explain the mechanism of antianemic action 

of vitamin B 12 . 

15. C Megaloblastic anemias (both folate and vitamin B p defi- 
ciency anemias) are due to a decreased availability of tetra- 
hydrofolate (THF). Vitamin B p transfers a methyl group 
from N 5 -methyltetrahydrofolate to homocysteine, forming 
methionine and THF. In vitamin B p deficiency, N 5 -methyl- 
tetrahydrofolate accumulates with associated depletion of 
THF (methylfolate trapping). The administration of vitamin 
B 12 restores the demethylation of N 5 -methyltetrahydrofolate, 
thus correcting the megaloblastic anemia. 

A This formation is another chemical reaction catalyzed 
by vitamin B 12 , but the reaction is not needed for the synthe- 
sis of THF. 

B, D, E These reactions are not catalyzed by vitamin B p . 

Learning objective: Describe the therapeutic uses of ferrous 

sulfate. 

16. F The patient’s symptoms and lab results indicate that she 
was suffering from microcytic anemia, most likely second- 
ary to iron deficiency due to total gastrectomy. Removal of 
the stomach leads to marked decrease in the production 
of gastric acid, which is necessary to convert dietary iron to 
a form that is readily absorbed by the duodenum. Iron defi- 
ciency anemia does not occur for a few years after gastrec- 
tomy because iron is stored in moderately large amounts in 
bone marrow. When anemia is caused by iron deficiency, 
oral iron supplementation is appropriate. 

A-E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of vitamin B 12 . 

17. EThe patient’s signs and symptoms are classic for pernicious 
anemia. The disease occurs equally in both genders, with an 
average onset of age 60. The anemia is caused by vitamin B p 
malabsorption due to severe atrophy of the gastric glands 
with loss of parietal cells and inability to secrete intrinsic 
factor. The cause of the disease is unknown, but several 
findings point to an immunologic or inherited basis of the 
disease. Approximately 90% of patients have antibodies to 
parietal cells, and 2 to 10%of relatives of these patients ex- 
hibit similar antibodies. Parenteral cyanocobalamin should 
be given daily to replenish tissue stores, and a monthly main- 
tenance dose should be given for life. 

A-D See correct answer explanation. 




learning objective: Describe the intestinal absorption of iron. 

18. D Iron crosses the luminal membrane of duodenal mucosal 
cells by two mechanisms: active transport of ferrous iron 
by a carrier named divalent metal transporter 1 (DMT1) and 
absorption of iron complexed with heme. 

Because the patient received ferrous sulfate, the drug was 
actively transported by DMT1 . 

A-C, E See correct answer explanation. 

foaming objective: Outline the appropriate therapeutic treatment 

in case of mixed anemia. 

19. C The patient’s blood values indicate that the woman was 
most likely suffering from a mixed anemia, due to both iron 
and folate deficiency. The combination of both macro- and 
microcytic red blood cells offset each other to produce a 
normal mean corpuscular volume. There are many examples 
of situations in which mixed anemia occurs, including preg- 
nancy, as both iron and folate requirements increase during 
gestation. When anemia is both microcytic and megaloblas- 
tic, treatment with iron and folic acid is indicated. 

A, B Vitamin B p precursors are not needed because blood 
concentration of vitamin B p is normal 

D, E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of deferoxamine. 

20. Fin thalassemic children with severe anemia, blood transfu- 
sions are necessary to maintain life and normal activity. To 
prevent iron overloading as a result of repeated blood trans- 
fusions, deferoxamine is often given during the transfusion. 
The drug can remove iron from hemosiderin, ferritin, and 
transferrin, but not iron from hemoglobin and cytochromes. 
Therefore, the drug can eliminate iron excess without affect- 
ing hemoglobin formation. 

A-E See correct answer explanation. 

foaming objective: Outline the therapeutic treatment for hypo- 

proliferative anemia due to renal insufficiency 

21. B The patient’s lab results indicate that he was most likely 
suffering from a hypoproliferative anemia due to renal insuf- 
ficiency. Anemia usually occurs when creatinine clearance is 
less than 45 mEmin (which corresponds roughly to serum 
creatinine > 3 mg/dLin a normal man over age 70). When 
anemia is due to renal disease, erythropoietin is the treat- 
ment of choice. Iron supplements must also be given to 
achieve an adequate erythropoietin response. 

A, C-F See correct answer explanation. 


foaming objective: Identify the myeloid growth factor that can 
stimulate proliferation and differentiation of neutrophil progeni- 
tor cells only. 

22. BBone marrow transplantation is associated with profound 
granulocytopenia due to the myeloablative preparative regi- 
men. Filgrastim is a human granulocyte colony-stimulating 
factor that stimulates the production of granulocyte progen- 
itor cells. Therefore, once engraftment occurs, hematopoietic 
recovery can be accelerated. 

A, C-F See correct answer explanation. 

Learning objective: Identify the main location of oprelvekin re- 
ceptors. 

23 . E Oprelvekin is the recombinant form of interleukin- 1 1 . The 
drug activates specific receptors located on megakaryo- 
cytes and megakaryocyte progenitors, thus stimulating the 
production of platelets. It is used clinically to prevent severe 
chemotherapy-induced thrombocytopenia and to reduce the 
need for platelet transfusions following chemotherapy for 
nonmyeloid malignancies. 

A-D, F See correct answer explanation. 

foaming objective: Describe the anaphylactoid reaction to iron 
dextran. 

24. CThe signs and symptoms of the patient indicate that she 
was most likely suffering from an anaphylactoid reaction, 
which is a rare but potentially fatal adverse effect of iron 
dextran therapy. Other parenteral preparations, such as so- 
dium ferric gluconate and iron sucrose, appear to cause 
fewer hypersensitivity reactions than iron dextran and are 
now preferred for parenteral iron therapy. 

A, D Leucovorin and cyanocobalamin do not cause ana- 
phylactoid reactions and are not used to treat microcytic 
anemia. 

B Ferrous sulfate is given only by the oral route. 

E, F Filgrastim and sargramostim can cause anaphylactoid 
reactions, but they are not used to treat microcytic anemia. 

Learning objective: Describe the adverse effects of erythropoietin. 

25. A The most common adverse effects of erythropoietin are 
hypertension and thrombotic complications. The mechanism 
of the thrombotic effect is still uncertain but is likely related 
to an excessive increase of hemoglobin levels. Recently, the 
U.S. Food and Drug Administration issued a warning that 
patients with renal failure or cancer whose hemoglobin rises 
to more than 12 g/dFare at greater risk ofthrombotic events, 
as in this case. 

B-E See correct answer explanation. 




Learning objective: Outline the therapeutic uses of oprelvekin 

26. FThe patient’s lab results indicate severe thrombocytopenia, 
likely due to cytotoxic anticancer chemotherapy. Oprelvekin, 
the recombinant form of interleukin- 1 1 , has been approved 
for treatment of severe thrombocytopenia due to chemo- 
therapy for nonmyeloid malignancies. 

AFilgrastim is human granulocyte colony-stimulating fac- 
tor that stimulates the production of granulocyte progenitor 
cells. The normal neutrophil count indicates that there is no 
granulocytopenia. 

B Erythropoietin is given when the anemia is hypoprolif- 
erative (i.e., due to a deficient response to cytokine humoral 
stimuli). There is no evidence that the patient’s anemia is 
hypoproliferative. 

C-E These drugs are used for megaloblastic anemias. The 
normal mean corpuscular volume indicates that the patient’s 
anemia is not megaloblastic. 

learning objective: Identify the drug used to treat iron poisoning. 

27. B The large hematemesis and the pregnancy of the mother 
suggest the possible ingestion of iron tablets. The signs and 
symptoms of the patient are indicative of first-stage acute 
iron poisoning. As few as 10 to 12 prenatal multivitamin 
with iron tablets can cause serious illness in a young child. 
Deferoxamine is an iron-chelating compound that can bind 
iron that has already been absorbed. The iron-deferoxamine 
complex is not toxic and is excreted by the kidney. 

Deferoxamine therapy should be promptly initiated when 
severe symptoms of iron toxicity are prominent, as in this 
case. 

A, C-F See correct answer explanation. 

Learning objective: Outline the therapeutic uses of leucovorin. 

28. CMethotrexate inhibits dihydrofolate reductase, preventing 
the formation of tetrahydrofolate (THF), an essential factor 
for DNA synthesis. The blockade of this synthesis in cancer 
cells mediates the therapeutic action of the drug, but the 
blockade of the synthesis in normal cells causes methotrex- 
ate toxicity. Leucovorin bypasses the dihydrofolate reductase 


step in tetrahydrofolate synthesis, thus rescuing normal cells 
while cancer cells are less affected. 

A Folic acid is useless in this situation because it cannot 
be transformed to THF due to the dihydrofolate reductase 
inhibition. 

B, D-F See correct answer explanation. 

Learning objective: Outline the therapeutic uses of filgrastim. 

29. D The patient’s lab results indicate a profound neutropenia, 
which can occur in AIDS patients taking zidovudine. Filgras- 
tim is recombinant human granulocyte colony-stimulating 
factor that stimulates proliferation and differentiation of 
progenitors already committed to neutrophil lineage. It has 
been shown that zidovudine-induced neutropenia can be 
partially or completely reversed by filgrastim treatment. 

A-C, E See correct answer explanation. 

learning objective: Describe the therapeutic uses of ferrous sulfate. 

30. E The patient’s lab results indicate that she was suffering 
from microcytic anemia, most likely due to iron deficiency 
(see the vegetarian diet and heavy menstrual periods). Oral 
iron should correct the anemia rapidly and completely and 
therefore is the preferred starting therapy. Parenteral iron 
administration (iron dextran or iron sucrose) would most 
likely also be effective, but should be used only when clearly 
indicated, that is, when the anemia is very severe, or when 
oral therapy fails. 

A-D, F See correct answer explanation. 
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VE Inf animation and Immunomodulation 

Questions: VII-1 Histamine and Serotonin: Agonists and Antagonists 


Directions for questions 1-3 

Match each histamine and serotonin receptor agonist and antag- 
onist with the appropriate description (each lettered option can 
be selected once, more than once, or not at all). 

A. Cyproheptadine 

B. Ergonovine 
C Loratadine 

D. Ondansetron 

E. Promethazine 

F. Sumatriptan 

Difficulty level: Easy 

1. An antihistamine drug with pronounced sedative properties 
Difficulty level: Easy 

2. A histamine and serotonin receptor antagonist sometimes 
used for treatment of intestinal hypermobility of carcinoid 

Difficulty level: Easy 

3. This drug can act as an agonist at serotonergic and a-adrenergic 
receptors. 

Difficulty level: Medium 

4. A 64-year-old man suffering from benign prostatic hyper- 
plasia presented to his physician complaining of generalized 
itching. The problem began 1 week earlier, after an afternoon 
ofprolonged sun exposure. The patient reported that the itch- 
ing was distressing, especially during the night. Physical ex- 
amination showed an enlarged prostate and no other evidence 
of ongoing disease. Which of the following drugs would be 
appropriate for this patient? 

A. Cyproheptadine 

B. Diphenhydramine 
C Famotidine 

D. Loratadine 

E. Acetaminophen 

F. Ibuprofen 


Difficulty level: Easy 

5. A46-year-old woman recently diagnosed with classic migraine 
had a headache attack at least once a week. Ergotamine was 
prescribed to prevent the impending attacks. Which of the 
following actions most likely contributed to the therapeutic 
effect of the drug in the patient’s disorder? 

A. Constriction of cerebral vessels 

B. Extravasation of plasma into perivascular space 
C Prostaglandin release from vascular endothelium 

D. Platelet aggregation in the cerebral vascular bed 

E. Increased firing of trigeminal neurons 

Difficulty level: Easy 

6. A 30-year-old man presented to the clinic with a 2-month 
history of right-side head pain recurring on a weekly basis. 
His headaches were usually preceded by unformed flashes of 
light, bilaterally, and were associated with nausea, vomiting, 
and photophobia. The headaches were not relieved by aspirin 
or ibuprofen and usually lasted all day unless he was able to 
sleep. A drug acting on which of the following receptors 
would be most appropriate to stop the migraine attack in this 
patient? 

A. Beta-2 adrenergic 

B. GABAergic 

C Mj cholinergic 

D. 5-HT 1B/1D serotonergic 

E. Alpha-2 adrenergic 

F. Dj dopaminergic 

Difficulty level: Easy 

7. A 34-year-old woman underwent magnetic resonance imag- 
ing (MRI) to investigate an acoustic neurinoma. Because the 
woman had had a mild allergic reaction to contrast media in 
the past, she was given a prescription for drugs to be taken 
before the MRI. Which of the following drugs should be in- 
cluded in that prescription? 

A. Fludrocortisone 

B. Famotidine 
C Zafirlukast 

D. Diphenhydramine 

E. Ondansetron 

F. Bromocriptine 
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Difficulty level: Easy 

8. A 30-year-old primipara woman had visible vaginal bleed- 
ing within a few hours after delivering her baby. Uterine mas- 
sage and infusion of oxytocin did not control the bleeding. 
Upon examination, it was felt that the hemorrhage was due 
to uterine atony. An intramuscular injection of ergonovine 
was given. Which of the following actions most likely medi- 
ated the therapeutic effect of the drug in this patient? 

A. Selective constriction of uterine arteries 

B. Endothelin release in the uterine vascular bed 
C Platelet aggregation in the uterine vascular bed 

D. Activation of coagulation cascade in uterine capillaries 

E. Induction of powerful uterine contracture 

Difficulty level: Easy 

9 . A 24-year-old woman experienced severe motion sickness 
whenever she traveled by air or sea. Diphenhydramine taken 
before a trip was effective in minimizing her symptoms. The 
therapeutic effect of the drug was most likely due to block- 
ade of which of the following pairs of central receptors? 

A. Dopaminergic and (3-adrenergic 

B. GABAergic and serotonergic 

G Alpha-adrenergic and muscarinic 

D. Histaminergic and muscarinic 

E. Serotonergic and peptidergic 

Difficulty level: Medium 

10 . A 33-year-old woman was hospitalized after 1 week of in- 
creasing pain, tenderness, and cyanosis in her legs. She ad- 
mitted to taking several medications to relieve a migraine 
headache. Physical examination revealed that no pulses could 
be palpated below the femoral vessels, and an aortogram 
showed a pronounced constriction of the vessels distal to the 
iliac arteries. The vasoconstriction disappeared after 3 hours 
of nitroprusside intravenous infusion. Which of the follow- 
ing drugs most likely caused the vessel constriction? 

A. Aspirin 

B. Propranolol 
G Ergotamine 

D. Acetaminophen 

E. Naproxen 

F. Diclofenac 

Difficulty level: Easy 

11 . A33-year-old man complained to his physician that the drug 
he was taking made him feel tightness in his chest and throat 
soon after the injection. The man, recently diagnosed with 
classic migraine, had started a treatment that included the 


subcutaneous administration of a drug to block an impend- 
ing acute attack. Which of the following drugs most likely 
caused the patient’s symptoms? 

A. Ibuprofen 

B. Propranolol 
G Sumatriptan 

D. Valproic acid 

E. Diphenhydramine 

F. Aspirin 

Difficulty level: Easy 

12 . A 25-year-old man suffering from hay fever started treat- 
ment with an over-the-counter antihistamine preparation. 
Which of the following statements best explains the molec- 
ular mechanism of action of the prescribed drug to treat this 
patient’s hay fever? 

A. Reversible binding to H 3 receptors 

B. Irreversible binding to H 3 receptors 
G Reversible binding to H 2 receptors 

D. Irreversible binding to H 0 receptors 

E. Reversible binding to Hj receptors 

F. Irreversible binding to H 1 receptors 

Difficulty level: Medium 

13 . A 34-year-old man presented to his physician complaining 
of dry mouth, constipation, and difficulty in urination. He 
also noticed an increase in appetite. The man had started a 
therapy with cyproheptadine 2 weeks earlier to treat cold- 
induced urticaria. Drug- induced blockade of which of the fol- 
lowing pairs of receptors most likely mediated the patient’s 
symptoms? 

A. Dopaminergic and a ^adrenergic 

B. H 2 -histaminergic and muscarinic 

G H 2 -histaminergic and a j-adrenergic 

D. Serotonergic and GABAergic 

E. Muscarinic and serotonergic 

F. Dopaminergic and GABAergic 

Difficulty level: Medium. 

14 . A 43-year-old man with a long history of exertional angina 
was recently diagnosed with migraine. Which of the fol- 
lowing antimigraine drugs would be contraindicated in this 
patient? 

A. Aspirin 

B. Acetaminophen 
G Sumatriptan 

D. Ibuprofen 

E. Propranolol 



Difficulty level: Easy 

15 . A40-year-old woman suffering from chronic classic migraine 
headaches took three sublingual tablets of ergotamine to 
abort an impending migraine attack. Which of the following 
adverse effects were most likely to occur in this patient? 

A. Visual hallucinations 

B. Postural hypotension 
C Facial flushing 

D. Adynamic ileus 

E. Nausea and vomiting 

Difficulty level: Easy 

16 . A48-year-old woman suffering from allergic urticaria started 
a treatment with loratadine. The decreased synthesis of 
which of the following substances most likely mediated the 
therapeutic effect of the drug in the patient’s disease? 

A. Cyclic adenosine monophosphate (cAMP) 

B. Cyclic guanosine monophosphate (cGMP) 

C Inositol triphosphate 

D. Cyclooxygenase- 1 

E. Cyclooxygenase-2 

Difficulty level: Easy 

17 . A 10-year-old boy developed pruritus and skin wheals after 
eating fried eggs. He was diagnosed with food allergy, and 
loratadine was prescribed. Which of the following state- 
ments best explains why loratadine is used in several aller- 
gic disorders? 

A. It blocks the antigen-induced release of histamine from 
mast cells. 

B. It prevents the antigen-antibody reaction on the surface 
of mast cells. 

C It elicits effects that are opposite to those elicited by 
histamine. 

D. It blocks muscarinic and adrenergic receptors in smooth 
muscle. 

E. It prevents many histamine-induced effects in periph- 
eral tissues. 

Difficulty level: Easy 

18 . A 33-year-old woman complained to her physician of numb- 
ness and tingling in her fingers and toes. The woman had been 
taking a drug for 1 month to abort headache. Which of the 
following drugs most likely caused the patient’s symptoms? 


A. Ibuprofen 

B. Valproic acid 
C Ergotamine 

D. Propranolol 

E. Acetaminophen 

F. Aspirin 

Difficulty level: Easy 

19 . A 59-year-old man with a body mass index of 42 and a long 
history of poorly controlled hypertension was recently diag- 
nosed with migraine headaches. Which of the following anti- 
migraine drugs would be contraindicated in this patient? 

A. Aspirin 

B. Acetaminophen 
C Ergotamine 

D. Ibuprofen 

E. Propranolol 

F. Verapamil 

Difficulty level: Medium 

20 . A29-year-old woman suffering from allergic rhinitis started 
treatment with loratadine. The drug can completely counter- 
act the histamine-induced release of which of the following 
endogenous compounds? 

A. Pepsin 

B. Gastric acid 

C Cyclic adenosine monophosphate (cAMP) 

D. Nitric oxide 

E. Bradykinin 

Difficulty level: Hard 

21 . A 47-year-old man presented to the clinic complaining of a 
recent onset of repeating episodes of vertigo associated with 
nausea and vomiting. The patient was otherwise healthy and 
denied use of alcohol or illicit drugs. Physical examination 
was unremarkable, but a provocative test elicited severe 
vertigo. A diagnosis was made, and a pharmacotherapy was 
prescribed. Which of the following drugs would be appro- 
priate for this patient? 

A. Diphenhydramine 

B. Ondansetron 
C Dronabinol 

D. Ergotamine 

E. Loratadine 

F. Propranolol 



Difficulty level: Medium 

22 . A43-year-old woman complained to her physician of annoy- 
ing daytime sleepiness. The woman, who was treated in the 
past with several drugs for generalized anxiety, had been 
receiving diazepam for the past month. One week ago, she 
started taking an over-the-counter preparation for seasonal 
allergic rhinitis. Which of the following drugs most likely 
precipitated the patient’s daytime sleepiness? 

A. Loratadine 

B. Prednisone 

C Diphenhydramine 

D. Zolpidem 

E. Trazodone 

F. Mirtazapine 

Difficulty level: Hard 

23 . A 53-year-old man presented to the clinic complaining of 
itching, flushing, arthralgia, heartburn, and diarrhea. Further 
exams led to the diagnosis of systemic mastocytosis. Which 
of the following pairs of drugs should be included in the 
therapeutic treatment of this patient? 

A. Aspirin and ergotamine 

B. Misoprostol and ergotamine 
C Loratadine and famotidine 

D. Loratadine and diphenhydramine 

E. Aspirin and famotidine 

Difficulty level: Easy 

24 . A28-year-old woman who was 26 weeks’pregnant had been 
recently diagnosed with classic migraine. Which of the fol- 
lowing drugs would be appropriate to reduce the frequency 
and severity of her migraine attacks? 

A. Ergon ovine 

B. Propranolol 
C Ergotamine 

D. Valproic acid 

E. Sumatriptan 

Difficulty level: Medium 

25 . A 66-year-old man suffering from benign prostatic hyperpla- 
sia was admitted to the hospital because of severe suprapubic 
pain and an inability to pass urine for the past 24 hours. On 
questioning, he said he had been taking diphenhydramine 
for a few days to relieve itching. Which of the following ac- 
tions most likely mediated the adverse effect of the drug in 
this patient? 

A. Relaxation of the detrusor muscle 

B. Constriction of the bladder external sphincter 
C Constriction of the prostate capsule 

D. Relaxation of the bladder internal sphincter 

E. Increased diuresis 


Difficulty level: Medium 

26 . A 48-year-old woman was admitted to the emergency de- 
partment because of fever (103. 1°F, 39.5°C), flushing, sweat- 
ing, tremors, and altered consciousness. Medical history 
indicated that she had been suffering from depression for 8 
years, currently treated with paroxetine, and for insomnia, 
currently treated with zolpidem. The patient also reported 
that 24 hours earlier, she had self-administered three tablets 
of a drug given to her by a friend to treat a severe headache. 
Further exams confirmed the preliminary diagnosis, and an 
appropriate treatment was started. Which of the following 
drugs most likely triggered the patient’s disorder? 

A. Acetaminophen 

B. Sumatriptan 
G Ibuprofen 

D. Zolpidem 

E. Cyproheptadine 

F. Diclofenac 

Difficulty level: Medium 

27 . A48-year-old man had a long history of classic migraine that 
was recently well controlled by sumatriptan. Which of the 
following parts of the central nervous system was most 
likely a primary site of therapeutic action of the drug in the 
patient’s disease? 

A. Nucleus accumbens 

B. Trigeminal nerve 
C Vestibular nuclei 

D. Ch emoreceptor trigger zone 

E. Olfactory nerve 

F. Nucleus caudalis 

Difficulty level: Medium 

28 . A2-year-old boy was brought to the emergency department 
with high body temperature (104°F, 40°C), flushed and dry 
skin, and widely dilated pupils unresponsive to light. He was 
agitated and underwent a brief tonic-clonic convulsion. His 
mother stated that the boy apparently swallowed several 
tablets of her allergy medication. Which of the following 
drugs most likely caused the patient’s poisoning? 

A. Ibuprofen 

B. Diphenhydramine 
C Phenylephrine 

D. Celecoxib 

E. Loratadine 

F. Atropine 

Difficulty level: Medium 

29 . A 54-year-old man at a scheduled ophthalmic check-up was 
found to have increased intraocular pressure. The man had 
been suffering from open-angle glaucoma for 2 years, but up 



until the current visit, the disease was found to be well 
controlled by local treatment with timolol and latanoprost. 
Drugs taken recently by the patient included over-the-counter 
preparations for episodic headache, heartburn, and insomnia. 
Which ofthe following drugs could have caused the patient’s 
increased intraocular pressure? 

A. Acetaminophen 

B. Omeprazole 
C Ibuprofen 

D. Diphenhydramine 

E. Famotidine 

Difficulty level: Medium 

30. A 21 -year-old woman suffering from seasonal allergic con- 
junctivitis started a treatment with eye drops of azelastine, 
a second-generation histamine H 1 antagonist. Second-gen- 
eration Hj antagonists are used locally in the conjunctiva 
instead of first-generation ¥L l antagonists to provide which 
of the following therapeutic advantages? 


A. Negligible effects on pupil size and accommodation 

B. Negligible penetration into the central nervous system 
C Higher dilating activity on conjunctival vessels 

D. Higher antibacterial activity against conjunctival in- 
fections 

E. Higher blocking activity on lacrimal gland secretion 
Difficulty level: Easy 

31. An 8-year-old girl was diagnosed with seasonal allergic 
conjunctivitis triggered by exposure to airborne pollen. She 
started a topical therapy with cromolyn sodium. Which of 
the following actions most likely mediated the therapeutic 
effectiveness of cromolyn in this patient? 

A. Blockade of receptors 

B. Blockade of mediator release from mast cells 
C Inhibition of prostaglandin biosynthesis 

D. Blockade of leukotriene receptors 

E. Constriction of conjunctival vessels 


Questions: VH-2 Bcosanoids: Agonists, Antagonists, and Inhibitors 


Directions for questions 1-5 

Match each drug acting on the eicosanoid pathway with the ap- 
propriate description (each lettered option can be selected once, 
more than once, or not at all). 

A. Alprostadil 

B. Dinoprostone 
C Latanoprost 

D. Misoprostol 

E. Epoprostenol 

F. Prednisone 

Difficulty level: Easy 

1. This drug can inhibit the biosynthesis of all eicosanoids. 
Difficulty level: Easy 

2. This drug is a synthetic prostaglandin I 2 . 

Difficulty level: Easy 

3. This drug is a prostaglandin E } analogue. 

Difficulty level: Easy 

4. This drug is a prostaglandin F 2a analogue. 

Difficulty level: Easy 

5. This drug is a synthetic prostaglandin E 2 . 


Difficulty level: Medium 

6. A 48-year-old man with open-angle glaucoma still had ele- 
vated intraocular pressure despite 1 month of treatment with 
timolol and dorzolamide. The ophthalmologist decided to add 
latanoprost to the therapeutic regimen. Which of the follow- 
ing effects on aqueous humor most likely mediated the thera- 
peutic effect ofthe drug in the patient’s disease? 

A. Increased outflow through Schlemm canal 

B. Decreased production by ciliary epithelium 
C Increased outflow through uveoscleral route 

D. Decreased production by eye vessel constriction 

E. Increased outflow through trabecular meshwork 

Difficulty level: Easy 

7. A47-year-old man complained to his physician of an inability 
to maintain an erection. After a complete medical workup, he 
was prescribed intraurethral administration of alprostadil to 
be used before intercourse. Which of the following molecular 
mechanism of action most likely mediated the efficacy of the 
drug in the patient’s erection disorder? 

A. Activation of prostaglandin Ej receptors 

B. Blockade of a 1 adrenoceptors 

C Activation of muscarinic M 3 acetylcholine receptors 

D. Blockade of thromboxane A 2 receptors 

E. Activation of (3 0 adrenoceptors 

F. Release of nitric oxide 



Difficulty level: Easy 

8. A 22-year-old primipara woman was admitted to the ob- 
stetrical unit for labor induction because of a postdated 
pregnancy. Her obstetrical examination was normal, but her 
cervix was unfavorable for induction of labor with oxytocin. 
Which of the following drugs given intravaginally would be 
appropriately administered at this time? 

A. Thromboxane 

B. Dinoprostone 
C Ergonovine 

D. Diclofenac 

E. Albuterol 

F. Ibuprofen 

Difficulty level: Easy 

9 . A35-year-old woman at 24 weeks gestation was admitted to 
the obstetrical unit because of signs of severe fetal distress. 
Fetal death was diagnosed on admission, and induction of 
labor was planned. An oxytocin drip was initiated, and a vag- 
inal suppository was inserted. Which of the following drugs 
was most likely given intravaginally? 

A. Metoprolol 

B. Albuterol 

C Bethanechol 

D. Ergonovine 

E. Dinoprostone 

Difficulty level: Easy 

10 . A 22-year-old woman recently diagnosed with mild per- 
sistent asthma started treatment with albuterol as needed 
and oral zileuton daily. Which of the following molecular 
mechanisms of action most likely mediated the therapeutic 
effect of zileuton in the patient’s disease? 

A. Activation of (3 0 receptors 

B. Inhibition of 5-lipoxygenase 

C Competitive blockade of leukotriene receptors 

D. Inhibition of cyclooxygenase-2 

E. Competitive blockade of muscarinic M 3 receptors 

Difficulty level: Easy 

11 . A35-year-old woman presented to her physician complain- 
ing of recent onset of nausea and vomiting in the mornings. 
Apregnancy test confirmed she was pregnant. Past medical 
history was significant for chronic heart failure, necessitat- 
ing a medical abortion. Adrug treatment for abortion induc- 
tion was prescribed. Which of the following drugs was most 
likely included in that treatment? 


A. Quin id in e 

B. Ergonovine 
C Norgestrel 

D. Clomiphene 

E. Misoprostol 

Difficulty level: Easy 

12 . A 2-day-old premature male baby, born by normal vaginal 
delivery, presented with severe cyanosis. Chest x-rays and 
echocardiography confirmed the diagnosis of congenital 
transposition of the great arteries, and the baby was sched- 
uled for surgery. Which of the following drugs was most 
likely administered by intravenous infusion to the baby until 
surgery? 

A. Indomethacin 

B. Alprostadil 
C Dinoprostone 

D. Latanoprost 

E. Misoprostol 

Difficulty level: Easy 

13 . A35-year-old woman was seen at the clinic because ofpro- 
gressive exertional dyspnea and arthralgias. Further exams 
led to the diagnosis of primary pulmonary hypertension, and 
an intravenous infusion of epoprostenol was started. Which 
of the following molecular actions most likely mediated the 
therapeutic efficacy of the drug in the patient’s disease? 

A. Blockade of Ca 2+ channels 

B. Activation of (3 0 adrenoceptors 
C Opening of K + channels 

D. Blockade ofoij adrenoceptors 

E. Activation of prostaglandin I 2 receptors 

Difficulty level: Easy 

14 . A 26-year-old man was brought to the emergency depart- 
ment because of a gunshot wound in his right leg. Physical 
examination showed a distressed patient with abundant 
hemorrhage from the wound. The synthesis and release of 
which of the following endogenous compounds was most 
likely increased in this patient? 

A. Prostacyclin 

B. Prostaglandin E 2 
C Bradykinin 

D. Histamine 

E. Adenosine 

F. Thromboxane 



Difficulty level: Medium 

15 . A 64-year-old man recently diagnosed with open-angle 
glaucoma started a treatment with latanoprost. Which of 
the following sets of ocular effects (from A to E) most likely 
occurred after the administration of the drug? 


Drug 

Pupillary 

Diameter 

Lens 

Curvature 

Ocular 

Pressure 

A 

+ 

— 

+ 

B 

— 

+ 

— 

C 

+ 

0 

0 

D 

0 

0 

— 

E 

+ 

0 

— 


Note: +, increased; decreased; 0, negligible effect. 


Difficulty level: Easy 

16 . A 42-year-old man was seen in the clinic with general mal- 
aise, fever (102. 5°F, 39.2°C), cough, and dyspnea. Further 
exams led to the diagnosis of acute bronchitis. Which of the 
following enzymes was primarily involved in the patient’s 
inflammatory disease? 

A. Creatinine kinase 

B. Cyclooxygenase-2 
C 5-lipoxygenase 

D. Lactic dehydrogenase 

E. 12-lipoxygenase 

F. Cyclooxygenase- 1 

Difficulty level: Easy 

17 . A 13-year-old girl complained to her physician of painful 
menstruation accompanied by headache and nausea. She 
underwent menarche 6 months earlier, and dysmenorrhea 
had occurred since then. The physician prescribed ibuprofen 
to be started on the day prior to the expected start of men- 
struation. Inhibition of synthesis of which of the following 
endogenous compounds most likely mediated the therapeu- 
tic effect of ibuprofen in the patient’s disorder? 

A. Magnesium 

B. Nitric oxide 

C Prostaglandin E 2 

D. Epinephrine 

E. Prostaglandin I 2 


Difficulty level: Easy 

18 . A 64-year-old woman recently diagnosed with osteoarthri- 
tis started treatment with ibuprofen and misoprostol. Which 
of the following adverse effects is most likely expected from 
misoprostol treatment? 

A. Peptic ulcer 

B. Drowsiness 
C Hypertension 

D. Diarrhea 

E. Increased intraocular pressure 
Difficulty level: Easy 

19 . A 54-year-old man complained to his physician that the 
alprostadil he was using before intercourse was able to im- 
prove his erectile dysfunction but caused penile pain. Which 
of the following actions most likely mediated the adverse 
effect of the drug? 

A. Sensitization of substantia gelatinosa in the spinal cord 

B. Decreased firing of corticospinal projection to the dorsal 
horn 

G Increased sensitivity of the brain periaqueductal area 

D. Lowering threshold of nociceptive afferent neurons 

E. Increased sensitivity of the frontal cortex 

Difficulty level: Medium 

20 . A 59-year-old woman complained to her physician of per- 
sistent heartburn. She had been taking ibuprofen for osteo- 
arthritis of the right hip for the past 2 months. She refused to 
stop the medication, which she said was very good for her 
pain. The physician prescribed another drug, to be taken 
together with ibuprofen, to prevent peptic ulcer formation. 
Which of the following actions most likely contributed to 
the preventive effect of the prescribed drug? 

A. Binding to necrotic ulcer tissue, acting as a barrier for 
acid and pepsin 

B. Blockade of muscarinic M 3 receptors on gastric parietal 
cells 

C Blockade of gastrin receptors on gastric parietal cells 

D. Stimulation of bicarbonate and mucus secretion by su- 
perficial epithelial cells 

E. Bactericidal effect against Helicobacter pylori 



Questions: VII-3 Nonsteroidal Antiinflammatory Drugs 


Directions for questions 1-7 

Match each drug with the appropriate description (each lettered 
option can be selected once, more than once, or not at all). 

A. Acetaminophen 

B. Aspirin 
C Celecoxib 

D. Diclofenac 

E. Indomethacin 

F. Ketorolac 

G. Mesalamine 

H. Nap roxen 

I. Piroxicam 

J. Salicylic acid 

Difficulty level: Easy 

1. An irreversible inhibitor of cyclooxygenase 
Difficulty level: Easy 

2. A salicylate derivative mainly used in inflammatory bowel 
disease 

Difficulty level: Easy 

3. A selective inhibitor of cyclooxygenase-2 
Difficulty level: Easy 

4 . This drug follows zero-order kinetics when given at inter- 
mediate to high doses. 

Difficulty level: Easy 

5 . This drug can inhibit both cyclooxygenase and phospholi- 
pase 

Difficulty level: Easy 

6. The analgesic effect of this drug is primarily mediated by cen- 
tral impairment of pain transmission. 

Difficulty level: Easy 

7. The long half-life of this drug (more than 50 hours) permits 
once-daily dosing. 

Difficulty level: Easy 

8. The mother of a 1 7-month-old girl took the baby to the pedi- 
atrician because she found that her daughter’s rectal tem- 
perature was 103.1°F (3 9.5 °C). After physical examination, the 
pediatrician said the fever was most likely due to a viral infec- 
tion and prescribed ibuprofen. Which of the following molec- 
ular actions most likely mediated the antipyretic effect of the 
drug in this patient? 


A. Blockade of prostaglandin receptors in the hypothalamus 

B. Inhibition of phospholipase A 2 in the hypothalamus 

C Decreased interleukin concentration in the hypothalamus 

D. Decreased concentration of prostaglandins in the hypo- 
thalamus 

E. Inhibition of cyclooxygenase in peripheral tissues 

F. Blockade of oxidative phosphorylation in skeletal muscle 

Difficulty level: Medium 

9 . A 66-year-old man complained to his physician that he had 
urinated very little over the past 24 hours. The man was 
being treated with digoxin, furosemide, and captopril for 
congestive heart failure, and the therapy had improved his 
cardiac conditions. Two days ago, the patient had pain on 
movement of his left leg that got better with two ibuprofen 
tablets. The physician found no clinical signs of intravascular 
volume depletion and increased the dose of furosemide, but 
6 hours later, urination was not improved. Which of the fol- 
lowing actions most likely mediated the patient’s oliguria? 

A. Ibuprofen-mediated decrease of the glomerular filtration 
rate 

B. Worsening of cardiac failure despite the therapy 
C Furosemide-mediated decrease of renin secretion 

D. Digoxin-mediated decrease of the glomerular filtration 
rate 

E. Furosemide-induced hypokalemia 
Difficulty level: Medium 

10 . A 45-year-old alcoholic woman, brought to the emergency 
department by her husband, was disoriented, combative, and 
complained of headache, vertigo, and “ringing in my ears.” 
The husband reported that she recently said she wanted to 
commit suicide. Vital signs were temperature 103.8°F, pulse 
108 bpm, respirations 6/min, blood pressure 85/60. Perti- 
nent lab data on admission were arterial blood pH 7.25, cre- 
atinine 2.2 mg/dL (normal 0. 9-1.2 mg/dL), bicarbonate 18 
mEq/L (normal 22-26 mEq/L), glucose 170 mg/dL (normal 
70-1 10 mg/dL). Arterial blood gases were P a C0 2 48 mm Hg 
(normal 35-45 P a C0 2 ), P a 0 2 75 mm Hg (normal > 80 P a 0 2 ). 
Which of the following drugs most likely caused the pa- 
tient’s poisoning? 

A. Ethanol 

B. Celecoxib 
C Ibuprofen 

D. Propranolol 

E. Aspirin 

F. Diphenhydramine 



Difficulty level: Medium 

11 . A 48-year-old woman was brought to the emergency de- 
partment because of serious breathing difficulty. Two hours 
earlier, she had taken a drug for a headache. The patient had 
been suffering from sinusitis and nasal polyps for 6 months. 
Physical examination showed severe bronchospasm. Which 
of the following drugs most likely caused the patient’s signs 
and symptoms? 

A. Ergotamine 

B. Acetaminophen 

C Acetylsalicylic acid 

D. Sumatriptan 

E. Cyproheptadine 

Difficulty level: Easy 

12 . A 32-year-old man suffering from hemophilia had been re- 
cently diagnosed with tension headache. The headaches oc- 
curred two to four times weekly, usually toward the end of 
his workday. The pain was constant, dull in character, and 
usually lasted the rest of the day with variable intensity. 
Which of the following analgesic drugs would be appropri- 
ate for this patient? 

A. Indomethacin 

B. Acetaminophen 
C Aspirin 

D. Ketorolac 

E. Piroxicam 

F. Naproxen 

Difficulty level: Medium 

13 . A 20-year-old man, diagnosed with acute rheumatic fever, 
started high-dose salicylate treatment. A few days later, 
laboratory values indicated increased blood pH, decreased 
P a C0 2 , and decreased plasma bicarbonate content. Which of 
the following acid-base disturbances was most likely caused 
by salicylate treatment? 

A. Respiratory acidosis 

B. Respiratory alkalosis 
C Metabolic acidosis 

D. Metabolic alkalosis 

E. Mixed acidosis 


Difficulty level: Hard 

14 . A54-year-old man presented to the emergency department 
with nausea, headache, dizziness, tinnitus, difficulty in 
hearing, and sweating. His body temperature was 103. 1°F 
(39.5°C). The patient was suffering from osteoarthritis and 
had been overtreating himself with aspirin for 4 days in an 
attempt to relieve severe pain in his right hip. Which of the 
following actions most likely mediated the drug-induced 
hyperthermia in this patient? 

A. Resetting the hypothalamic thermostat 

B. Inflammatory reaction in the joints 
C Increased release of interleukin- 10 

D. Uncoupling oxidative phosphorylation in skeletal muscle 

E. Metabolic alkalosis 

Difficulty level: Medium 

15 . A42-year-old woman had been recovering from breast can- 
cer surgery. Because her postoperative pain was severe, she 
received an intravenous injection of ketorolac that was able 
to reduce the pain. Which of the following molecular actions 
most likely mediated the analgesic effect of the drug? 

A. Drug binding to prostaglandin receptors in the surgical 
area 

B. Decreased concentration of prostaglandins in the surgi- 
cal area 

C Decreased oxygen radical production in the surgical area 

D. Inhibition of prostaglandin biosynthesis in the central 
nervous system 

E. Lowering of anxiety, fear, and suffering evoked by pain 
Difficulty level: Easy 

16 . A 60-year-old man recently diagnosed with osteoarthritis 
asked his physician for an analgesic drug because of inter- 
mittent pain in both hips. Past history of the patient was 
significant for myocardial infarction 2 years ago and for 
pronounced aspirin hypersensitivity. Which of the following 
would be the best advice to give to this patient at this time? 

A. To use a propionic acid derivative like naproxen 

B. To take only very low doses of aspirin 
C To take aspirin with misoprostol 

D. To use indomethacin 

E. To avoid all nonsteroidal antiinflammatory drugs 



Difficulty level: Easy 

17 . A 28-year-old man was admitted to the emergency depart- 
ment because of persistent nausea and vomiting, general 
malaise, and diaphoresis for the past 6 hours. The man had 
been overtreating himself for 4 days with an analgesic med- 
ication to relieve severe pain from a neck injury. Two days 
earlier, he had gotten drunk at a party. Physical exam showed 
a slightly confused and dehydrated patient with icterus and 
a flapping tremor. Pertinent lab results on admission were 
alanine aminotransferase 300 U/L(normal 8-20 U/L), aspar- 
tate aminotransferase 480 U/L (normal 8-20 U/L). The pa- 
tient had most likely taken an excessive dose of which of the 
following drugs? 

A. Aspirin 

B. Indomethacin 
C Acetaminophen 

D. Ibuprofen 

E. Ketorolac 

Difficulty level: Easy 

18 . A65-year-old man had been recently diagnosed with osteo- 
arthritis. Six months ago, the patient suffered from peptic 
ulcer disease that healed after triple antiulcer therapy. Which 
of the following nonsteroidal antiinflammatory drugs would 
be most appropriate for this patient? 

A. Ibuprofen 

B. Piroxicam 

C Indomethacin 

D. Ketorolac 

E. Celecoxib 

F. Aspirin 

Difficulty level: Easy 

19 . A 32-year-old man called his physician because of fever 
(102.2°F, 39.0°C) for the past 4 hours. Past medical history 
of the patient was significant for a serious allergic reaction 
to sulfonamides. A diagnosis of flu was made. Which of the 
following antipyretic drugs would be contraindicated in this 
patient? 

A. Aspirin 

B. Celecoxib 
C Naproxen 

D. Acetaminophen 

E. Ibuprofen 


Difficulty level: Hard 

20 . A59-year-old obese woman presented to the emergency de- 
partment because of severe colicky pain in the right lumbar 
region. The patient had a long history of osteoarthritis and 
experienced frequent episodes of strong arthritic pain for 
which she had been taking several different pain killers daily 
for the past year. Current medications included atorvastatin 
and ezetimibe for hyperlipidemia and hydrochlorothiazide for 
mild hypertension. A renal biopsy confirmed the diagnosis 
of papillary necrosis and tubulointerstitial inflammation of 
the kidney. Which of the following drugs most likely caused 
the patient’s disease? 

A. Codeine 

B. Tramadol 
G Diclofenac 

D. Hydrochlorotiazide 

E. Atorvastatin 

F. Ezetimibe 

Difficulty level: Medium 

21 . A32-year-old woman had been suffering severe pain during 
menses. The only relevant history was that she had under- 
gone conization 6 months earlier for a fibroid of the cervix. 
Ibuprofen as needed was able to relieve the menstrual pain. 
Which of the following molecular actions most likely medi- 
ated the analgesic effect of the drug in the patient’s disorder? 

A. Binding of the drug to prostaglandin receptors in the 
myometrium 

B. Decreased production of prostaglandins by the endo- 
metrium 

C Inhibition of prostaglandin biosynthesis in the spinal 
cord 

D. Antiinflammatory action of the drug in the pelvic area 

E. Decreased production of leukotrienes by the endo- 
metrium 

Difficulty level: Medium 

22 . A 6-year-old boy suffering from influenza received an anti- 
pyretic drug for 4 days. On the fifth day, he lapsed into a coma 
and died. The autopsy disclosed diffuse microvescicular 
fatty infiltration of the liver, heart, and kidneys, as well as 
cerebral edema. Which of the following antipyretics most 
likely caused the patient’s death? 

A. Acetaminophen 

B. Piroxicam 
C Ibuprofen 

D. Indomethacin 

E. Ketorolac 

F. Aspirin 



Difficulty level: Easy 

23 . A 58-year-old man complained to his physician of morning 
stiffness in the hip and knee and some joint stiffness after 
inactivity. Past medical history of the patient was significant 
for a myocardial infarction 6 months earlier. Further exams 
led to the diagnosis of osteoarthritis, and an analgesic phar- 
macotherapy was prescribed. Which of the following anal- 
gesic drugs would be contraindicated for this patient? 

A. Ibuprofen 

B. Piroxicam 
C Celecoxib 

D. Acetaminophen 

E. Diclofenac 

Difficulty level: Easy 

24 . A 14-year-old girl was seen in the clinic because of severe 
abdominal pain secondary to her menstrual periods. The 
pain began with the onset of her menstrual flow and had 
occurred monthly since her first menstrual period at age 13. 
Her physical examination was unremarkable. A diagnosis of 
primary dysmenorrhea was made. Which of the following 
drugs would be most appropriate for this patient? 

A. Acetaminophen 

B. Albuterol 

C Dinoprostone 

D. Ibuprofen 

E. Misoprostol 

F. Ergon ovine 

Difficulty level: Easy 

25 . A 10-year-old boy was brought to the clinic with fever 
(102.2°F, 39.0°C), general malaise, and the characteristic 
rash of a measles infection. Past medical history was signifi- 
cant for an episode of hemolytic anemia, most probably re- 
lated to his congenital deficiency of red blood cell glutathione 
synthase. Which of the following drugs would be a suitable 
antipyretic for this boy? 

A. Aspirin 

B. Indomethacin 
C Acetaminophen 

D. Ibuprofen 

E. Prednisone 

F. Sulfinpyrazone 

Difficulty level: Hard 

26 . A 58-year-old man complained to his physician of dull, con- 
tinuous bone pain that had been increasing over the past few 
days. The patient had been suffering from prostatic carci- 
noma for 2 years. Past history was significant for an episode 
of hemolytic anemia, ascribed to his congenital glucose- 
6-phosphate dehydrogenase (G6PD) deficiency, and for 


erythema multiforme, apparently due to an allergic reaction 
to naproxen. Which of the following would be an appropri- 
ate analgesic drug for this patient? 

A. Aspirin 

B. Acetaminophen 
C Piroxicam 

D. Ibuprofen 

E. Amitriptyline 

Difficulty level: Easy 

27 . An 850-g (1 .87-lb) baby boy, prematurely born at 27 weeks’ 
gestational age, was intubated immediately and placed on 
positive pressure assisted ventilation. On the third day of 
life, his nurse noticed that he had tachycardia and a widened 
pulse pressure. Color Doppler echocardiography showed re- 
verse pulmonary artery flow in diastole. A treatment with 
intravenous indomethacin was started. Which of the follow- 
ing best explains the reason for that therapy? 

A. To speed up the maturation of the lungs 

B. To increase lung surfactant formation 
C To decrease atrial contractility 

D. To prevent thrombi on cardiac valves 

E. To close the patent ductus arteriosus 

Difficulty level: Medium 

28 . A5 1-year-old woman complained to her physician of fatigue 
and shortness of breath. The woman, who was vegetarian, 
realized she had recently developed an unexplained desire 
to eat ice and also noted that her stools had become dark. 
She had been receiving piroxicam for 6 months to treat her 
rheumatoid arthritis. Physical examination was unremark- 
able. Which ofthe following disorders most likely caused the 
patient’s symptoms? 

A. Iron deficiency anemia 

B. Respiratory alkalosis 
C Reye syndrome 

D. Analgesic nephropathy 

E. Aspirin hypersensitivity 

Difficulty level: Easy 

29 . A 63-year-old woman recently diagnosed with osteoarthritis 
started treatment with ibuprofen. The biosynthesis of which 
of the following pairs of endogenous compounds was most 
likely inhibited by the drug? 

A. Thromboxanes and leukotrienes 

B. Prostaglandins and leukotrienes 
C Prostacyclin and thromboxanes 

D. Prostaglandins and bradykinin 

E. Thromboxanes and bradykinin 

F. Prostacyclin and leukotrienes 




Difficulty level: Easy 

30 . A 62-year-old man complained to his physician of epigastric 
pain. The man had been taking several ibuprofen tablets each 
day for the past 2 weeks because of arthritic pain. Endoscopy 
disclosed two superficial ulcers near the stomach antrum. 
Increased gastric secretion of which of the following com- 
pounds most likely contributed to the patient’s disorder? 


A. Gastrin 

B. Hydrochloric acid 

B. Bicarbonate secretion 

D. Gastric mucus 

E. Cholecystokinin 


Questions: VH-4 Immunomodulating Drugs 


Directions for questions 1-4 

Match each immunomodulating drug with the appropriate de- 
scription (each lettered option can be selected once, more than 
once, or not at all). 

A. Aldesleukin 

B. Azathioprine 
C Basiliximab 

D. Cyclosporine 

E. Leflunomide 

F. Mycophenolate mofetil 

G. Murom onab-CD3 

H. Sirolimus 

I. Tacrolimus 

J Ustekinumab 

Difficulty level: Easy 

1. Arecombinant form of a natural cytokine 
Difficulty level: Easy 

2 . This drug binds to the CD25 a chain of the interleukin-2 re- 
ceptor on activated T lymphocytes. 

Difficulty level: Easy 

3. A specific inhibitor ofinosine monophosphate dehydrogenase 
Difficulty level: Easy 

4 . A prodrug that is converted into mercaptopurine in the body 
Difficulty level: Easy 

5 . A56-year-old man with end-stage renal disease underwent a 
kidney transplant. He received immunosuppressive therapy 
that included a drug that suppresses cellular immunity, in- 
hibits both prostaglandin and leukotriene synthesis, and in- 
creases the catabolism of immunoglobulin G (IgG) antibodies. 
Which of the following drugs has all of these actions? 


A. Prednisone 

B. Azathioprine 
C Tacrolimus 

D. Muromonab-CD3 

E. Cyclophosphamide 

Difficulty level: Medium 

6. A 27-year-old woman was admitted to the hospital with 
fever, malar butterfly erythema, arthralgia, intermittent pleu- 
ritic pain, and oral ulcers. Her lab tests revealed the follow- 
ing: serum creatinine 3.2 mg/dC blood urea nitrogen (BUN) 
35 mg/dL, and a high serum level of antinuclear antibodies. A 
diagnosis was made, and an appropriate therapy was started. 
Which of the following drugs most likely should be included 
in the therapeutic management of this patient? 

A. Ustekinumab 

B. Prednisone 

C BCG (bacilli Calmette-Guerin) vaccine 

D. Interferon beta- lb 

E. Aldesleukin 

Difficulty level: Medium 

7 . A 39-year-old woman who has been suffering from myasthe- 
nia gravis for 4 years developed progressive dyspnea several 
days after an upper respiratory tract infection. Physical exam- 
ination disclosed bilateral ptosis, bilateral facial weakness, and 
diminished upper and lower motor strength. An intravenous 
edrophonium injection improved muscle strength. A serum 
assay for antiacetylcholine receptor antibody was 4.8 (normal 
< 0.5). Apromptly instituted treatment included a parenteral 
injection of prednisone. Which of the following statements 
best explains the most likely mechanism of action of the drug 
in this case? 

A. Inhibition of plasma cholinesterase 

B. Activation of cholinergic Nm receptors 
C Stimulation of synthesis of interleukin-2 

D. Inhibition of T-cell activation and proliferation 

E. Stimulation of synthesis of interleukin- 1 



Difficulty level: Easy 

8. A 53-year-old man with a heart transplant underwent im- 
munosuppressive treatment that included oral cyclosporine. 
Which ofthe following cells represent the main site of action 
of this drug? 

A. Macrophages 

B. Dendritic cells 
C T-helper cells 

D. Plasma cells 

E. Natural killer cells 

Difficulty level: Medium 

9 . A 54-year-old woman who underwent a kidney transplant 
developed nausea, vomiting, and diarrhea a few days after 
the surgery. The patient had received posttransplant therapy 
with cyclosporine and prednisone. A decision was made to 
substitute sirolimus for the cyclosporine. Which of the fol- 
lowing actions most likely mediated the immunosuppressive 
effect of sirolimus? 

A. Stimulation of the synthesis of tumor necrosis factor 

B. Stimulation of B-cell proliferation 
G Inhibition ofhistamine release 

D. Inhibition of T-cell proliferation 

E. Inhibition of calcineurin 

Difficulty level: Medium 

10 . A 57-year-old man complained of a tingling sensation in his 
hands and peripheral edema. The man, who had received a 
heart transplant 1 month earlier, was in the hospital and 
scheduled for endomyocardial biopsy. Significant blood test 
results were potassium 6.1 mEq/L (normal 3. 5-5.0 mEq/L), 
creatinine 3 .8 mg/dL(normal 0.6-1 .2 mg/dL), blood urea ni- 
trogen (BUN) 42 mg/dL (normal 7-18 mg/dL). Current med- 
ications were cyclosporine, prednisone, and azathioprine to 
prevent rejection, omeprazole for heartburn, and diltiazem 
for arrhythmia. Biopsy results indicated no acute rejection. 
If the laboratory results were drug-related, which of the fol- 
lowing was the most likely causative agent? 

A. Prednisone 

B. Cyclosporine 
G Azathioprine 

D. Omeprazole 

E. Diltiazem 

Difficulty level: Easy 

11 . A66-year-old woman suffering from metastatic renal cancer 
started a pharmacotherapy that included aldesleukin. Which 
of the following classes of receptors most likely mediated the 
therapeutic effect ofthe drug in the patient’s disease? 


A. Janus-kinase linked 

B. Metabotropic 
G Ionotropic 

D. Intracellular 

E. Tyrosine-kinase linked 

Difficulty level: Easy 

12 . A44-year-old woman was in the coronary unit after a heart 
transplant performed 2 weeks earlier. Pertinent blood test 
results were white blood cell count 1.2 x 10 3 /mm 3 (nor- 
mal 4.5-11.0 x 10 3 /mm 3 ), platelets 40,000/mm 3 (normal 
1 50,000-400,000/mm 3 ). Which of the following drugs most 
likely caused these findings? 

A. Cyclosporine 

B. Dobutamine 
G Dopamine 

D. Azathioprine 

E. Fluorouracil 

Difficulty level: Medium 

13 . A41-year-old man came to the clinic complaining of an ex- 
tensive rash, white plaquelike lesions in his mouth, dry eyes, 
hyperpigmentation ofthe tissues surrounding the eyes, and 
diarrhea. Three months earlier, the man, who was suffering 
from chronic myelogenous leukemia, underwent an alloge- 
neic bone marrow transplant from his sister. He was suc- 
cessfully treated for his acute graft-versus-host disease and 
had no major health problems after that disease. Which of 
the following two-drug combinations would represent an 
appropriate immunosuppressive pharmacotherapy for the 
patient at this time? 

A. Prednisone and cyclosporine 

B. Cyclosporine and erythromycin 

G Cyclophosphamide and doxorubicin 

D. Vinblastine and prednisone 

E. Doxorubicin and vinblastine 

Difficulty level: Medium 

14 . A43-year-old man who underwent a kidney transplant had 
been receiving an immunosuppressive treatment that in- 
cluded a macrolide antibiotic. The drug binds to a FK-binding 
proteins located in T cells, thus blocking gene expression for 
production of several cytokines. Which of the following drugs 
most likely works with this mechanism of action? 

A. Azithromycin 

B. Azathioprine 
G Tacrolimus 

D. Cyclosporine 

E. Tobramycin 



Difficulty level: Easy 

15 . A42-year-old woman who underwent a liver transplant com- 
plained of nausea and vomiting, severe abdominal pain, and 
diarrhea 1 week after the surgery. The patient had been re- 
ceiving a multidrug immunosuppressive therapy. If the pa- 
tient’s symptoms were drug-related, which of the following 
drugs most likely caused the reported adverse effects? 

A. Etanercept 

B. Mycophenolate mofetil 
C Doxorubicin 

D. Leflunomide 

E. Paclitaxel 

F. Fluorouracil 

Difficulty level: Easy 

16 . A 35-year-old woman who received a cadaveric liver trans- 
plant was treated with intravenous infusion of basiliximab 
immediately postoperatively. A few minutes later, she began 
to show wheezing, cyanosis, diaphoresis, pruritus, and a dif- 
fuse skin rash. Vital signs were pulse 128 bpm, blood pressure 
98/50 mm Hg, respirations 22/min. Which of the following 
pathologic events most likely caused the patient’s signs and 
symptoms? 

A. Metabolic acidosis 

B. Acute cardiac failure 
C Acute renal failure 

D. Acute encephalopathy 

E. Anaphylactoid reaction 

Difficulty level: Easy 

17 . A35-year-old man who underwent renal transplant showed 
signs of acute allograft rejection that was resistant to corti- 
costeroid treatment. He was treated with muromonab-CD3 
that was able to reverse the rejection. Which of the following 
actions most likely mediated the therapeutic effect of the 
drug in the patient’s disease? 

A. Inhibition of antibody formation by plasma cells 

B. Inhibition of several enzymes involved in purine me- 
tabolism 

C Inhibition of calcineurin enzyme in T-cell cytoplasm 

D. Stimulation of interleukin- 1 synthesis in T cells 

E. Neutralization of a surface protein receptor complex in 
T cells 

Difficulty level: Easy 

18 . A42-year-old man with end-stage renal disease underwent 
a kidney transplant. Therapeutic management ofthe patient 
included an intravenous injection of azathioprine just before 
surgery. Which of the following molecular actions most likely 
mediated the immunosuppressive effect ofthe drug in this 
patient? 


A. Blockade of tumor necrosis factor-a (TNF-a) receptors 

B. Inhibition of clonal expansion of T and B lymphocytes 
C Inhibition of antigen presentation by dendritic cells 

D. Stimulation of genetic expression of interleukin-2 

E. Stimulation of macrophage phagocytic activity 

Difficulty level: Medium 

19 . A42-year-old woman undergoing heart transplant received 
mycophenolate mofetil, cyclosporine, and prednisone before 
surgery. Which ofthe following statements best explains why 
mycophenolate mofetil is currently used instead of azathio- 
prine to prevent rejection in solid organ transplantation? 

A. Its immunosuppressive activity is definitely superior to 
that of azathioprine. 

B. It h as significantly fewer adverse effects than azathio- 
prine. 

C It has drastically reduced the risk of graft-versus-host 
disease. 

D. It selectively inhibits macrophage-mediated production 
of several interleukins. 

E. It selectively inhibits antigen recognition by antigen- 
presenting cells. 

Difficulty level: Medium 

20 . A 30-year-old man recently diagnosed with Crohn disease 
experienced substantial improvement after 1 month of pred- 
nisone therapy. Which of the following drugs would be ap- 
propriate to maintain remission of symptoms in this patient? 

A. Sirolimus 

B. Fluorouracil 
C Tacrolimus 

D. Thalidomide 

E. Azathioprine 

Difficulty level: Medium 

21 . A42-year-old woman who had been undergoing hemodial- 
ysis for 3 years was admitted to the hospital for a kidney 
transplant. Before and after surgery, she received cyclospo- 
rine, azathioprine, and prednisone. Four days after surgery, 
she developed acute allograft rejection. High-dose predni- 
sone failed to resolve the rejection. Which of the following 
drugs could be used to treat this case of steroid-resistant 
rejection? 

A. Dexamethasone 

B. Muromonab-CD3 
C Aldesleukin 

D. Methotrexate 

E. Cyclophosphamide 



Difficulty level: Easy 

22 . A37-year-old man who was scheduled for a heart transplant 
received a triple immunosuppressive therapy just before 
surgery that included azathioprine and prednisone. Which 
of the following drugs was most likely the third agent of that 
combination drug regimen? 

A. Aldesleukin 

B. Cyclosporine 
C Triamcinolone 

D. Infliximab 

E. Etanercept 

Difficulty level: Easy 

23 . A48-year-old woman who underwent a liver transplant had 
been receiving immunosuppression treatment with predni- 
sone and cyclosporine. Despite the therapy, a liver biopsy 
still showed rejection 12 days after surgery, and the thera- 
peutic team decided to substitute tacrolimus for cyclospo- 
rine. Which of the following cells represent the main site of 
action of tacrolimus? 

A. Macrophages 

B. Dendritic cells 
G T-helper cells 

D. Plasma cells 

E. Natural killer cells 

Difficulty level: Easy 

24 . A 53-year-old man who underwent liver transplantation 
for advanced biliary cirrhosis had been receiving immuno- 
suppression treatment with prednisone and cyclosporine. 
Despite the therapy, a liver biopsy still showed rejection 14 
days after surgery. Which of the following drugs could be sub- 
stituted for cyclosporine to treat this case of cyclosporine- 
resistant rejection? 

A. Aldesleukin 

B. Vinblastine 
C Tacrolimus 

D. Fluorouracil 

E. Paclitaxel 

Difficulty level: Easy 

25 . A 65-year-old woman recently diagnosed with polymyosi- 
tis had not improved after 2 weeks of treatment with pred- 
nisone. Adecision was made to replace prednisone with an 
immunosuppressive drug that acts by inhibiting enzymes 
essential for purine biosynthesis. Which of the following 
drugs was most likely prescribed? 


A. Etanercept 

B. Cyclosporine 
C Tacrolimus 

D. Sirolimus 

E. Azathioprine 

F. Infliximab 

Difficulty level: Easy 

26 . A 45-year-old woman who underwent a liver transplant 
started an immunosuppressive therapy that included tacro- 
limus. The risk of which of the following drug-related dis- 
orders was most likely increased in this patient? 

A. Hypotension 

B. Hypokalemia 
G Hypoglycemia 

D. Hemolytic anemia 

E. Neurotoxicity 

Difficulty level: Medium 

27 . A 51-year-old man presented to the clinic with complaints 
of an enlarged, painful lymph node in his groin. One year 
earlier, he had undergone surgical resection of stage 2 malig- 
nant melanoma. A lymph node biopsy confirmed the recur- 
rence of malignant melanoma. The patient started a course 
of chemotherapy that included the intravenous administra- 
tion of aldesleukin. Which of the following molecular actions 
most likely mediated the therapeutic effect ofthe drug in the 
patient’s disorder? 

A. Proliferation and differentiation of Band T lymphocytes 

B. Inhibition of macrophage phagocytic activity 

G Inhibition of antigen presentation by dendritic cells 

D. Decreased synthesis of calcineurin 

E. Inhibition of activity of natural killer cells 

Difficulty level: Easy 

28 . A 48-year-old woman presented to her ophthalmologist 
because of loss of central vision and pain on movement of 
her left eye. She reported that in the past she had had recur- 
rent episodes of weakness and abnormal sensations in her 
arms and legs. The patient was referred to the neurologic 
clinic, where laboratory exams and brain magnetic reso- 
nance imaging confirmed the diagnosis ofmultiple sclerosis. 
The patient was prescribed a supportive therapy that in- 
cluded a recombinant cytokine endowed with immunostim- 
ulant properties. Which of the following drugs was most 
likely administered? 

A. Trastuzumab 

B. Infliximab 

G Interferon beta- lb 

D. Prednisone 

E. Tacrolimus 



Difficulty: Medium 

29 . A 27-year-old primipara woman delivered a baby boy at 
term. The woman was Rho(D) negative, and her husband 
was Rho(D) positive. The woman received an intravenous 
injection of Rho(D) immune globulin just after the delivery. 
The reason for this treatment was most likely to prevent 
which of the following events? 

A. Placental crossing of fetal erythrocytes in subsequent 
pregnancies 

B. Production of antibodies against fetal Rho(D)-positive 
erythrocytes 

C The mother’s hemolytic disease in subsequent preg- 
nancies 

D. Production of fetal Rho(D)-positive erythrocytes in sub- 
sequent pregnancies 

E. Placental crossing of fetal Rho(D) antibodies in subse- 
quent pregnancies 


Difficulty level: Easy 

30. A 45-year-old woman received a deceased-donor kidney 
transplant. Within 12 hours of the transplantation, she 
started immunosuppressive pharmacotherapy that included 
cyclosporine. Which of the following actions most likely 
mediated the therapeutic effect of the drug in the patient’s 
disease? 

A. Stimulation of synthesis of tumor necrosis factor 

B. Stimulation of B-cell differentiation into memory B cells 
C Inhibition of the apoptosis pathway in target cells 

D. Stimulation of gene expression for interleukin-2 pro- 
duction 

E. Inhibition of calcineurin enzyme 


Questions: VH-5 Drugs for Arthritis and Gout 


Directions for questions 1-4 

Match each drug with the appropriate description (each lettered 
option can be selected once, more than once, or not at all). 

A. Allopurinol 

B. Azathioprine 
C Colchicine 

D. Cyclosporine 

E. Etanercept 

F. Infliximab 

G. Hydroxychloroquine 

H. Leflunomide 

I. Methotrexate 
J Rituximab 

Difficulty level: Easy 

1. An antimalarial drug used in rheumatoid arthritis 
Difficulty level: Easy 

2 . Amonoclonal antibody that binds to CD20 B lymphocytes 
Difficulty level: Easy 

3. Amonoclonal antibody that binds to tumor necrosis factor-a 
Difficulty level: Easy 

4 . This drug can inhibit the synthesis ofinosinic acid. 

Difficulty level: Easy 

5 . A 52-year-old woman recently diagnosed with mild rheumatoid 
arthritis started a therapy with nonsteroidal antiinflammatory 


drugs (NSAIDs), but 2 months later, the physician decided to 
add a disease-modifying antirheumatic drug (DMARD) to 
the therapeutic regimen. Which ofthe following is most likely 
the main advantage ofDMARDs over NSAIDs in the treatment 
of rheumatoid arthritis? 

A. To cause fewer adverse effects 

B. To slow down the progression of bone and cartilage 
destruction 

C To improve symptoms after one week of therapy 

D. To completely cure the disease, after 2 to 4 months of 
therapy 

E. To completely abolish acute joint pain 
Difficulty level: Easy 

6. A 33-year-old man complained to his physician of low back 
pain and stiffness that were greatest on awakening in the 
morning and gradually improved throughout the day. The 
intermittent use of ibuprofen had been able to improve the 
symptoms in the past, but recently he had no relief. Magnetic 
resonance imaging confirmed the diagnosis of ankylosing 
spondylitis. Which of the following drugs would be appropri- 
ate for the patient at this time? 

A. Hydroxychloroquine 

B. Trastuzumab 
C Etanercept 

D. Naproxen 

E. Colchicine 

F. Aldesleukin 



Difficulty level: Easy 

7 . A50-year-old woman with rheumatoid arthritis was recently 
diagnosed with refractory disease, and infliximab was added 
to her ongoing treatment. Which of the following endoge- 
nous compounds was most likely the molecular target of the 
drug? 

A. Interleukin- 1 

B. Vascular endothelial growth factor 
C Interleukin- 1 0 

D. Epidermal growth factor 

E. Tumor necrosis factor-a 

Difficulty level: Medium 

8. A48-year-old man was admitted to the emergency depart- 
ment with the chief complaint of an excruciating pain in his 
left ankle. The pain had started the previous night and in- 
creased over several hours. The patient reported that he 
sprained his ankle 1 week ago. On physical examination, the 
ankle appeared warm and tender, and the entire area was 
red and swollen. A synovial fluid analysis showed crystals 
engulfed by phagocytes. A diagnosis was made, and a phar- 
macotherapy was prescribed. Which of the following drugs 
would be most appropriate to treat the patient’s pain? 

A. Codeine 

B. Indomethacin 
C Methotrexate 

D. Aspirin 

E. Etanercept 

F. Allopurinol 

Difficulty level: Easy 

9 . A 57-year-old man recently diagnosed with mild rheuma- 
toid arthritis complained to his physician of joint pain de- 
spite ongoing therapy with ibuprofen. The man was a heavy 
smoker and had a history of chronic bronchitis with frequent 
acute exacerbations usually treated with antibiotics. The 
physician decided to add a disease-modifying antirheumatic 
drug (DMARD) to the treatment. Which ofthe following drugs 
would be most appropriate for the patient at this time? 

A. Leflunomide 

B. Hydroxychloroquine 
C Rituximab 

D. Etanercept 

E. Azathioprine 

Difficulty level: Easy 

10 . A 44-year-old woman suffering from rheumatoid arthritis 
recently had leflunomide added to her methotrexate ther- 
apy. Inhibition of which of the following enzymes most likely 
mediated the therapeutic effect ofthe drug in the patient’s 
disease? 


A. Cyclooxygenase- 1 

B. Type II topoisomerase 
C Dihydrofolate reductase 

D. Dihydroorotate dehydrogenase 

E. Reverse transcriptase 

F. Peptidyl transferase 

Difficulty level: Easy 

11 . A 55-year-old man complained to his physician that a rash 
had appeared the previous day on his thorax and legs. The 
patient was recently diagnosed with hyperuricemia and had 
been receiving allopurinol for 2 weeks. The physician sus- 
pected the rash was due to the ongoing pharmacotherapy and 
decided to discontinue allopurinol and to start a treatment 
with probenecid. The physician should advise the patient not 
to concurrently use which of the following drugs? 

A. Acetaminophen 

B. Ibuprofen 

C Phenylephrine 

D. Aspirin 

E. Loratadine 

F. Diphenhydramine 

Difficulty level: Easy 

12 . A 53-year-old woman recently diagnosed with gouty arthri- 
tis started a treatment with a drug that inhibits leukocyte 
migration and phagocytosis secondary to inhibition of tu- 
bulin polymerization. Which of the following drugs did the 
patient most likely take? 

A. Indomethacin 

B. Prednisone 
C Colchicine 

D. Allopurinol 

E. Probenecid 

F. Piroxicam 

Difficulty level: Medium 

13 . A 54-year-old Black woman was admitted to the hospital 
because of joint pain and a rash flare of erythematous mac- 
ulopapular lesions on her neck, upper chest, and elbows. The 
patient was diagnosed with systemic lupus erythematosus 
5 months earlier and had been receiving piroxicam since then. 
After further exams, another drug was added to her current 
pharmacotherapy. Which of the following drugs would be 
appropriate to administer at this time? 

A. Aspirin 

B. Indomethacin 
C Ampicillin 

D. Hydroxychloroquine 

E. Clarithromycin 

F. Ciprofloxacin 



Difficulty level: Hard 

14 . A 39-year-old woman complained to her physician of joint 
pain that had worsened over the past month. The pain was 
worst in the morning and prevented her from performing 
her household tasks for at least an hour after waking. She 
tried ibuprofen three times daily for 2 weeks, but relief was 
poor, and she stopped the medication because of epigastric 
pain. The woman was also suffering from chronic active 
hepatitis B, currently treated with lamivudine. On physical 
examination, the patient appeared uncomfortable with any 
movement. Her wrists, metacarpophalangeal joints, and knees 
showed bilaterally symmetrical swelling, tenderness, and 
warmth. Further exams confirmed the diagnosis, and a phar- 
macotherapy was prescribed. Which of the following drugs 
would be appropriate for the patient at this time? 

A. Methotrexate 

B. Aspirin 

C Etanercept 

D. Piperacillin 

E. Ciprofloxacin 

F. Erythromycin 

Difficulty level: Easy 

15 . A32-year-old man diagnosed with rheumatoid arthritis had 
been taking methotrexate for 4 months. The disease was 
controlled initially, but the pain returned, and his rheuma- 
tologist decided to add a drug to the treatment regimen. The 
second drug is a recombinant fusion protein consisting of 
the extracellular portion of two tumor necrosis factor (INF) 
receptor moieties. Which of the following drugs was most 
likely prescribed? 

A. Infliximab 

B. Etanercept 
G Leflunomide 

D. Triamcinolone 

E. Cyclosporine 

F. Piroxicam 

Difficulty level: Medium 

16 . A 15-year-old girl was admitted to the emergency depart- 
ment because of a sudden attack of severe abdominal pain 
accompanied by fever (103. 5°F, 39.7°C). The patient had 
had two similar attacks 3 and 2 weeks ago that subsided 
spontaneously over the course of 48 hours. Multiple other 
family members had similar complaints. Physical examina- 
tion showed a patient in moderate distress with evidence of 
pleural effusion in the right lung. Genetic testing showed a 
mutation in a gene of chromosome 16. Which of the follow- 
ing drugs would most likely prevent the recurrence of the 
attacks in this patient? 


A. Indomethacin 

B. Etanercept 

C Methotrexate 

D. Prednisone 

E. Colchicine 

Difficulty level: Easy 

17 . A 55-year-old man recently diagnosed with hyperuricemia 
started a treatment with allopurinol. Plasma levels of which 
of the following pairs of endogenous compounds most likely 
increased after a few days of therapy? 

A. Guanine and xanthine 

B. Xanthine and hypoxanthine 
C Inosine and guanine 

D. Adenine and inosine 

E. Adenine and hypoxanthine 

Difficulty level: Easy 

18 . A 44-year-old woman at a routine check-up was found to 
have a serum urate level of 1 8 mg/dL and a urine urate level 
of 800 mg/24 h. She started an appropriate treatment, and 
3 weeks later her serum urate level was 7.2 mg/dL and uri- 
nary urate level was 530 mg/24 h. Which of the following 
drugs did the patient most likely take? 

A. Probenecid 

B. Aspirin 

C Furosemide 

D. Allopurinol 

E. Indomethacin 

F. Naproxen 

Difficulty level: Easy 

19 . A 43-year-old man suffering from rheumatoid arthritis 
complained to his physician that his joint pain had increased 
recently despite current naproxen and hydroxychloroquine 
therapy. The patient was otherwise healthy, and his past 
medical history was unremarkable. Which of the following 
drugs would be appropriate to add to the patient’s therapy 
at this time? 

A. Diclofenac 

B. Acetaminophen 
C Methotrexate 

D. Fentanyl 

E. Amitriptyline 

F. Carbamazepine 

Difficulty level: Medium 

20 . A 55-year-old man complained to his physician of blurred 
vision, night blindness, light flashes, and photophobia. The 
man was diagnosed with mild rheumatoid arthritis 6 months 




ago and was taking a combination therapy that included a 
disease-modifying antirheumatic drug (DMARD). Ophthal- 
moscopy disclosed a macular area of hyperpigmentation sur- 
rounded by a zone of hypopigmentation on the left retina. 
Which of the following drugs most likely caused the patient’s 
signs and symptoms? 


A. Hydroxychloroquine 

B. Etanercept 

C Methotrexate 

D. Infliximab 

E. Ibuprofen 

F. Celecoxib 


Answers and Explanations: VH-1 Histamine and Serotonin: Agonists and Antagonists 


Questions 1-3 

1. E 

2. A 

3. B 

Learning objective: Outline the use of antihistamines to treat sys- 
temic itching. 

4. D Itching is sometimes caused by exposure to sunlight, espe- 
cially in the elderly. Because histamine is most often involved 
in itching, histamine antagonists are effective antipruritics. 
In this case, a second-generation antihistamine is the appro- 
priate choice, as the patient has prostatic hypertrophy, which 
contraindicates first-generation antihistamines because of 
their antimuscarinic properties. 

A, B See correct answer explanation. 

C, E, F These drugs lack antipruritic properties. 

learning objective: Explain the mechanism of antimigraine action 

of ergot alkaloids. 

5. A The effectiveness of ergot alkaloids in migraine seems to 
be primarily related to their cerebral vasoconstricting effects, 
which are apparently due to activation of both a adrenocep- 
tors and serotonin (5-HT) receptors. The pathophysiology of 
migraine seems to include a vasomotor component, because 
the onset of headache is sometimes associated with increased 
amplitude of temporal artery pulsations; ergotamine can di- 
minish these pulsations. Other mechanisms are probably also 
operative. For example, ergotamine blocks inflammation of 
the trigeminal neurovascular system. This action, possibly 
mediated by activation of 5-HT receptors, may be responsible 
for both the pain-relieving and the vasoconstricting effects of 
ergot alkaloids. 

B-E Ergotamine does not cause these effects. Moreover, 
these effects would increase, not decrease, the risk of a mi- 
graine attack. 

learning objective: Explain the mechanism of the antimigraine 

action of 5-HT 1B/1D serotonin agonists. 

6. D Triptans (e.g., sumatriptan and zolmitriptan) are specific 
5-HT 1B/1D agonists that are equally as or more effective than 


ergot alkaloids in the acute treatment of migraine attack. 
There are two major proposed mechanisms for effectiveness 
of triptans in acute migraine headache: 

• Vasoconstriction of cerebral vessels via the activation of 
vascular 5-HT 1B receptors 

• Inhibition of release of neuropeptides with inflamma- 
tory properties via the activation of presynaptic 5-HT ]D 
receptors 

Triptans are not intended for use in the prophylaxis of 
migraine. 

A Beta-blockers are effective for the prophylaxis of mi- 
graine in some patients, but they are of no value in the treat- 
ment of an ongoing migraine attack. 

B, C, E, F Drugs acting on these receptors cannot cure a 
migraine attack. 

Learning objective: Outline the clinical uses of antihistamines. 

7. D Drugs usually given to prevent an acute allergic reaction in 
patients at risk are glucocorticoids and histamine antago- 
nists. First-generation antagonists are generally preferred 
when drug-induced sedation may be useful to reduce fear re- 
lated to the procedure, as in this case. 

A-C, E, F These drugs are devoid of antiallergic properties. 

Learning objective: Explain the reason for ergonovine use in post- 
partum bleeding. 

8. E Uterine atony (absence of uterine contracture following the 
delivery of the placenta) is the most common cause of post- 
partum hemorrhage. When the hemorrhage does not respond 
to oxytocin administration, ergot alkaloids may be used to 
decrease bleeding. The uterus at term is extremely sensitive 
to the stimulant action of ergot alkaloids, and even an inter- 
mediate dose produces a prolonged and powerful spasm of 
the muscle that squeezes the uterine vessels, thus controlling 
bleeding. 

A Ergotamine can constrict uterine arteries, but this is not 
the main reason why the drug can stop postpartum bleeding. 
B-D Ergotamine does not have these effects. 




learning objective: Explain the mechanism of action of histamine 

H^receptor antagonists. 

9. D Diphenhydramine is a first-generation histamine 

receptor antagonist. Most drugs of this class can also block 
muscarinic receptors. The drug easily crosses the blood- 
brain barrier and can block H 2 receptors and muscarinic 
receptors located in vestibular nuclei and in the nucleus of 
the tractus solitarius, thus decreasing the firing from these 
nuclei to the vomiting center. 

A-C, E All of these options have at least one receptor that 
is not involved in the mechanism of nausea and vomiting. 

foaming objective: Describe the adverse effects of ergot alkaloids. 

10. C Ergot alkaloids constrict most human blood vessels and 
can cause prolonged vasospasm when high doses are given. 
The vasospasm mainly affects the arms and legs and may 
result in gangrene. The vasospasm is refractory to most va- 
sodilators, but nitroprusside or nitroglycerin infusion may 
be successful, as in this case. 

A, B, D-F All of these drugs can be used to relieve head- 
ache, but they do not cause peripheral vasospasm. 

foaming objective: Describe the adverse effects of sumatriptan. 

11. C Symptoms of chest pressure or tightness have been re- 
ported in up to 40%of patients treated with subcutaneous 
sumatriptan. These symptoms, most likely due to the sero- 
tonin 5-ElT 1B -mediated vasoconstricting action of the drug, 
are rarely serious, but in some cases the drug can cause cor- 
onary vasospasm and myocardial infarction. 

A, B, D, F These drugs are used for the treatment or pro- 
phylaxis of migraine, but they do not cause the symptoms 
reported by the patient. 

E Antihistamines are not used for migraine prophylaxis, 
and they do not cause the symptoms reported by the patient. 

framing objective: Describe the mechanism of action of anti- 
histamines. 

12. E Drugs effective against hay fever are histamine E^-receptor 
competitive antagonists. Competitive means that the bind- 
ing to the receptor is reversible; that is, the antagonism is 
pharmacological and surmountable. 

A-D, F ff 1 antagonists have negligible blocking activity 
against ff 0 and ff 3 receptors. 

framing objective: Explain the mechanism of action of cypro- 
heptadine. 

13. E Cyproheptadine is a first-generation ffj antagonist. Like 
other drugs of this class, it can also block muscarinic and 
serotonergic receptors (mainly 5-HT 0 ). The blockade of M 3 
receptors explains the dry mouth, constipation, and dysuria, 
while the increase in appetite was likely due to blockade of 


5-HT 2 receptors in the hypothalamus. In fact, cyprohepta- 
dine has been used to treat anorexia, with mixed results. 

A-D, F See correct answer explanation. 

Learning objective: Describe the contraindications oftriptans. 

14. C Triptans are contraindicated in patients with known or 
suspected coronary artery disease, because rare but serious 
adverse cardiac effects, including heart attacks, life-threat- 
ening disturbances of cardiac rhythm, and death, have been 
reported within a few hours of receiving one of these drugs. 
The mechanism of this adverse effect is likely related to the 
vasoconstricting actions of these drugs. 

A, B, D, E All of these drugs are used in the acute therapy 
and/or in prevention of migraine headache. 

learning objective: Describe the most common adverse effects of 

ergotamine. 

15. E Ergot alkaloids cause nausea and vomiting in about 10% 
of patients. The effect is most likely due to activation of 
dopamine D 2 and serotonin 5-HT 3 receptors in the chemo- 
receptor trigger zone. 

A Hallucinations occur only after administration of toxic 
doses of ergot alkaloids. 

B, C Ergotamine has powerful vasoconstricting actions. 
Therefore, these effects are unlikely. 

D Adynamic ileus is unlikely because ergotamine has 
stimulant effects on smooth muscle. 

learning objective: Describe the postreceptor mechanism of his- 
tamine H^receptor antagonists. 

16. C Loratadine is a histamine Hj-receptor antagonist. Acti- 
vation ofHj receptors increases the synthesis of inositol- 
triphosphate and diacylglycerol, which in turn increases the 
cytoplasmic Ca 2+ concentration in target cells. Most hista- 
mine effects due to activation ofH 1 receptors are mediated by 
this increased availability of cytoplasmic Ca 2+ . By blocking 

receptors, loratadine decreases the synthesis of inositol- 
triphosphate and diacylglycerol, thus antagonizing all hista- 
mine effects mediated by activation of receptors. 

A, B, D, E See correct answer explanation. 

learning objective: Explain the mechanism of action of loratadine. 

17. E Histamine H } antagonists such as loratadine are used in 
allergic disorders because they block receptors in most 
peripheral organs and tissues. In this way, they prevent most 
histamine-induced effects. 

A Although some second-generation antihistamines can 
block histamine release, this is not the main mechanism of 
the antiallergic action of these drugs. 

B-D Loratadine does not cause these effects. 



learning objective: Describe the adverse effects of ergot alkaloids. 

18. C Ergot alkaloids can cause peripheral vasospasm that can 
lead to pain, numbness, and tingling of the fingers and toes. 
The vasospasm, likely due to activation of a adrenoceptors and 
serotonin receptors, is often refractory to most vasodilators. 

A, B, D, E These drugs do not cause peripheral vasospasm. 

foaming objective: Describe the main contraindications of ergot 
alkaloids. 

19. C Ergot alkaloids such as ergotamine are contraindicated in 
patients with coronary artery disease and peripheral vascu- 
lar disease because of the vasoconstricting properties of 
these drugs. It is even recommended that ergotamine not 
be given to patients in whom unrecognized coronary artery 
disease can be predicted by the presence ofrisk factors (hy- 
pertension, hypercholesterolemia, smoking, obesity, etc.), as 
in this case. 

A, B, D-F These drugs are used for the treatment of mi- 
graine, and they are not contraindicated in this patient. 

foaming objective: Identify the endogenous compound that has 
its histamine-induced release blocked by E^-receptor antagonists. 

20. D Loratadine is a histamine Hj-receptor antagonist. Acti- 
vation of H 1 receptors on vascular endothelium causes the 
release of nitric oxide, which is involved in the vasodilation, 
vascular permeability, and edema associated with acute 
inflammation. By blocking Hj receptors, loratadine inhibits 
nitric oxide release, thus exerting a useful antiinflammatory 
response. 

A-C Histamine can induce the release of these endoge- 
nous compounds, but this release is mediated by the activa- 
tion of H 2 receptors and therefore cannot be antagonized by 
Hj-receptor antagonists. 

EHistamine does not cause the release of bradykinin. 

foaming objective: Outline the use of antihistamines in benign 
positional vertigo. 

21 . AThe symptoms ofthe patient and the provocative test indi- 
cate that he was most likely affected by benign positional 
vertigo, a violent vertigo lasting less than 30 seconds and 
induced by certain head positions. The disorder is most likely 
due to formation of granular masses in the cupula of the 
semicircular canals. First-generation antihistamines such as 
diphenhydramine are often used to treat vestibular distur- 
bances such as positional vertigo and Meniere syndrome. 
The beneficial effect is most likely due to blockade of hista- 
mine Hj receptors in the nucleus of the tractus solitarius 
(vestibular pathways include histaminergic afferents to the 
nucleus ofthe tractus solitarius and to vestibular nuclei). 


B, C Ondansetron and dronabinol are antiemetic drugs, 
but they are not effective when nausea and vomiting are due 
to vestibular disturbances. 

D, F Ergotamine and propranolol have no effect on vestib- 
ular disturbances. 

E Loratadine is a second-generation H t receptor antago- 
nist that does not cross the blood-brain barrier effectively 
and so cannot reach the nucleus ofthe tractus solitarius. 

Learning objective: Describe the adverse effects of diphen- 
hydramine. 

22. CFirst-generation histamine antagonists such as diphen- 
hydramine can cause pronounced sedation because they 
are able to cross the blood-brain barrier. This effect is more 
likely if the patient is already receiving another sedative 
drug, as in this case. 

A Second-generation ¥L l antagonists are devoid of central 
depressive effects. 

B Glucocorticoid-induced central depressant effects are 
very rare. 

D-F All of these drugs can cause sedation, but they are not 
used to treat allergic disorders. 

Learning objective: Outline the pharmacotherapy of systemic 
mastocytosis. 

23. C Systemic mastocytosis is a disease of unknown origin 
characterized by an excessive accumulation of mast cells in 
various body tissues. Most symptoms ofthe disease are due 
to the extremely high plasma levels of histamine. Treatment 
with Hj and H 2 antagonists represents a rational therapy. 

A, B, D, E See correct answer explanation. 

Learning objective: Identify the drug used for migraine prophy- 
laxis in a pregnant woman. 

24. B Propranolol is the drug of choice for migraine headache 
prophylaxis because of its efficacy and favorable adverse 
effect profile. Beta-blockers are approved by the U.S. Food 
and Drug Administration for prevention of migraine head- 
ache, but their mechanism of action in this disease remains 
uncertain. 

A, C Ergot alkaloids are absolutely contraindicated in preg- 
nant women because they could cause abortion due to the 
induction of powerful uterine contracture. 

D Valproic acid is an antiepileptic drug approved for pre- 
vention ofmigraine headache. However, it is contraindicated 
in pregnant women because of its substantial teratogenic 
risk. 

E Triptans are used to treat an impending migraine attack, 
not for chronic prophylaxis. 



learning objective: Describe the pharmacological effects of hista- 
mine H^receptor antagonists. 

25. AFirst-generation histamine ¥L l antagonists such as diphen- 
hydramine have significant blocking activity on muscarinic 
receptors. This action relaxes the bladder detrusor, an effect 
that is without clinical consequences in normally healthy 
people, but that can further impair the voiding of the blad- 
der in men with prostatic hypertrophy, as in this case. 

BThe bladder external sphincter includes striated muscle 
and is not under the control of the autonomic nervous 
system. 

CThe prostate capsule is constricted via a l receptors. Most 
antihistamines have negligible effects on these receptors. 

D The bladder internal sphincter has mainly receptors. 
Most antihistamines have negligible effects on these re- 
ceptors. 

E Antihistamines have negligible effects on diuresis. 

Learning objective: Describe the adverse effects due to selective 
serotonin reuptake inhibitor-triptan interaction. 

26. B The patient’s history and symptoms indicate the she was 
most likely suffering from serotonin syndrome, a rare but 
potentially fatal disorder that is related to an inappropriate 
increase of serotonergic transmission in the central nervous 
system (CNS). The syndrome can be caused by several drugs 
either alone or in combination, especially when given in 
high doses. The combination of two drugs that enhance se- 
rotonin transmission can be particularly dangerous. In this 
case, the patient was taking paroxetine, a selective serotonin 
reuptake inhibitor (SSRI). The addition of sumatriptan, a se- 
rotonin agonist, most likely triggered the syndrome. The U.S. 
Food and Drug Administration has issued a warning against 
the concomitant use of SSRIs and triptans. 

A, C-F None of these drugs cause an increase in seroto- 
nergic transmission in the CNS. 

learning objective: Identify the central site of action of sumatriptan. 

27. B Sumatriptan and its congeners are currently first-line 
agents for the abortive therapy of acute, severe migraine at- 
tacks. The pathophysiology of migraine remains unknown, 
but the current view is that a complex series of neural and 
vascular events initiates migraine (the so-called neurovas- 
cular theory/ The theory states that activation of the nu- 
cleus caudalis of the trigeminal nerve leads to the release 
of several potent vasodilating neuropeptides, which in turn 
causes dilation of cerebral blood vessels. This vasodilation 
seems to be a major cause of the throbbing headache of the 
migraine attack. By activating presynaptic serotonin 5-HT 1D 
receptors on trigeminal nerve endings, triptans can prevent 
the release of vasodilating neuropeptides. 

A, C-F See correct answer explanation. 


Learning objective: Identify the drug that likely caused anticholin- 
ergic symptoms of drug overdose poisoning. 

28. B The patient’s syndrome indicated that he was poisoned by 
an anticholinergic drug. First-generation antihistamines such 
as diphenhydramine have significant antimuscarinic effects, 
and acute poisoning by these drugs is remarkably similar to 
that of atropine poisoning. 

A, C, D These drugs do not have antimuscarinic effects. 

E This drug is a second-generation antihistamine. Un- 
like first-generation, second-generation drugs are devoid of 
blocking activity on muscarinic receptors. 

F As stated above, the patient was poisoned by an anti- 
muscarinic drug. However, atropine is unlikely, as the drug 
is not used to treat allergic symptoms. 

Learning objective: Identify a drug that can aggravate open-angle 
glaucoma. 

29. D Diphenhydramine is a first-generation histamine Hj an- 
tagonist with pronounced sedative properties. Because of 
this, the drug is a component of over-the-counter prepara- 
tions for insomnia. First-generation antagonists have 
prominent antimuscarinic actions. By blocking M 3 receptors 
in the ciliary muscle, these drugs can narrow the spaces of 
the trabecular meshwork and the lumen of Schlemm canal, 
thus hindering the outflow of the aqueous humor. 

A-C, E See correct answer explanation. 

learning objective: Explain why second-generation histamine H 1 
antagonists are preferred over first-generation for the local treat- 
ment of allergic conjunctivitis. 

30. A Unlike first-generation YL l antagonists, second-generation 
Hj antagonists are devoid of blocking activity on muscarinic 
receptors. Therefore, they do not have effects on pupil size 
and accommodation when applied into the conjunctival sac. 
This explains why only second-generation H l antagonists are 
used locally in allergic conjunctivitis. 

B Second-generation H 1 antagonists do not appreciably 
cross the blood-brain barrier and are therefore free of cen- 
tral nervous system properties. However, at most, this is a 
minor advantage when they are used locally in the eye be- 
cause the systemic absorption of these drugs from the eye 
is negligible. 

C By blocking Hj receptors, both first- and second-gener- 
ation Hj antagonists antagonize histamine-induced vaso- 
dilation. 

D Antihistamines are devoid of antibacterial activity. 

E Unlike first-generation, second-generation ¥L l antago- 
nists do not affect secretion of lacrimal glands because they 
are devoid of muscarinic M 3 _-receptor blocking activity. 




learning objective: Explain the mechanism of action of cromolyn 
sodium. 

31. B The available therapeutic options for management of 
allergic conjunctivitis include ocular administration of an- 
tihistamines, decongestants, nonsteroidal antiinflammatory 
drugs (NSAIDs), and mast cell stabilizers. Chromone deriva- 
tives such as cromolyn sodium are drugs that can stabilize 
mast cells (but not basophils), thus inhibiting the release of 
chemical mediators from these cells. 

AThis is the mechanism of action of antihistamines. 

C This is the mechanism of action of NSAIDs. 

D This is the mechanism of action of zafirlukast. 

E This is the mechanism of action of decongestants. 
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Answers and Explanations: VH-2 Eicosanoids: Agonists, Antagonists, and Inhibitors 


Directions: questions 1-6 

1. F 

2. E 

3. D 

4. C 

5. B 

learning objective: Explain the mechanism of the antiglaucoma 

action of latanoprost. 

6. C Latanoprost is a prostaglandin F 2a analogue that lowers the 
intraocular pressure by increasing the outflow of aqueous 
humor through the uveoscleral route. The effectiveness of the 
drug is similar to that of timolol. Moreover, latanoprost has 
additive effects when administered with (3-blockers or a 0 - 
adrenergic agonists. 

A, E These are mechanisms of action of cholinergic drugs. 

B This is the mechanism of action of (3-blockers or a 0 
agonists. 

D Th is is the mechanism of action of a agonists such as 
epinephrine and phenylephrine. 

learning objective: Explain the molecular mechanism of act ion of 

alprostadil in erection disorders. 

7. A Alprostadil is synthetic prostaglandin E r When given by 
intraurethral administration, alprostadil acts by activating 
prostaglandin G protein-coupled receptors in penile vessels. 
This activation stimulates adenylyl cyclase, thus increasing 
the production of cyclic adenosine monophosphate (cAMP). 
An increased cAMP level increases Ca 2+ efflux and decreases 
phosphorylation of myosin light chain both in vascular and 
nonvascular smooth muscle, thus leading to muscle relax- 
ation. This relaxation allows increased inflow of blood into 
corpora cavernosa, thus causing penile erection. 

B-F See correct answer explanation. 


Learning objective: Outline the therapeutic uses of dinoprostone. 

8. B Prostaglandins E and F are able to terminate pregnancy at 
any stage by promoting uterine contractions. They are also 
able to ripen the cervix (i.e., to make it softer) by increasing 
proteoglycan content and changing the biophysical proper- 
ties of collagen. 

Dinoprostone, a synthetic prostaglandin E 2 , is administered 
intravaginally for ripening of the cervix in pregnant women at 
or near term whose cervix is not yet soft enough for oxytocin 
induction of labor. 

AThromboxanes are not used as drugs. 

C Ergonovine can cause uterine contractions but has no 
cervical ripening properties. 

D-F Beta-2 agonists and nonsteroidal antiinflammatory 
drugs have uterine relaxant properties, and they are devoid of 
cervical ripening properties. 

Learning objective: Outline the therapeutic uses of dinoprostone. 

9. E In case of intrauterine fetal death, prostaglandins alone or 
with oxytocin can cause delivery effectively. Dinoprostone 
(prostaglandin E 2 ) is the prostaglandin currently used for this 
purpose. 

A-C These drugs do not have oxytocic properties. 

D Ergot alkaloids such as ergonovine can evoke rhythmic 
contraction and relaxation of the uterus when given in very 
small doses. At higher concentrations, however, these drugs 
elicit potentially dangerous powerful and prolonged contrac- 
ture and therefore are not used to cause delivery. 




learning objective: Explain the molecular mechanism of act ion of 
zileuton. 

10. B Zileuton is an inhibitor of 5-lipoxygenase, preventing leu- 
kotriene synthesis. It improves asthma control and reduces 
the frequency of asthma exacerbation, although its effects 
are less marked than those of inhaled glucocorticoids. The 
main advantage of the drug is that it can be taken orally. 

A, C-E See correct answer explanation. 

Learning objective: Identify the drug used to induce medical 
abortion. 

1 1 . EThe prescribed treatment most likely included mifepristone 
and misoprostol, the most common first-trimester medical 
abortion regimen. In the presence ofprogesterone, mifepris- 
tone acts as an antagonist at progesterone receptors. The 
inhibition ofprogesterone actions on the uterus in the early 
stage of pregnancy causes decidual breakdown, which leads 
to detachment of the blastocyst. Misoprostol, taken 24 to 
48 hours later causes uterine contractions that expel the 
uterine contents. This medical abortion regimen terminates 
pregnancy in over 95%of women treated during the first 7 
weeks after conception. 

A, B Large doses of these drugs can cause abortion and 
were used in the past to induce street abortions, but they are 
not used for medically induced abortion. 

C, D These drugs do not cause abortion. 

Learning objective: Outline the therapeutic uses of alprostadil. 

12. B When a baby is born with a congenital heart disease 
(transposition of the great arteries, pulmonary artery steno- 
sis, etc.), it is important to maintain the patency of the duc- 
tus arteriosus before corrective surgery. Patency of the fetal 
ductus arteriosus depends primarily on prostaglandin E 0 
and to a lesser extent on prostaglandin E r At birth, prosta- 
glandin Ej and E 0 levels are reduced because the increased 
blood oxygen speeds up prostaglandin metabolism, so the 
ductus arteriosus closes in 1 or 2 days. Alprostadil is a syn- 
thetic prostaglandin E { that can maintain the patency of the 
ductus arteriosus when given after birth. Because it is me- 
tabolized quickly (the half-life is about 10 minutes), it must 
be given by continuous infusion. 

A Cyclooxygenase inhibitors such as indomethacin inhibit 
the synthesis of prostaglandin E 2 and therefore are used to 
speed up the closure of the ductus arteriosus in case of de- 
layed closure, which is common in premature infants. 

C, EDinoprostone, a synthetic prostaglandin E 2 , and miso- 
prostol, a prostaglandin analogue, have activity on the 
ductus arteriosus, but they are not available for parenteral 
use. 

D Latanoprost is devoid of actions on the ductus arteriosus. 


Learning objective: Explain the molecular mechanism of act ion of 

epoprostenol. 

13. E Epoprostenol is a synthetic prostacyclin (prostaglandin I 2 ) 
that has powerful vasodilating activity. The drug has been 
approved for the treatment of primary pulmonary hyper- 
tension, a disease of unknown cause involving obliteration 
of medium and small pulmonary arteries and resulting in 
right ventricular failure or fatal syncope 2 to 5 years after 
detection. Epoprostenol activates specific prostaglandin I 2 
receptors, causing relaxation of pulmonary arteries. Long- 
term therapy with this drug has been found to be highly 
effective in improving symptoms and prolonging survival. 

A-D See correct answer explanation. 

Learning objective: Identify the eicosanoid that is increased 

during bleeding episodes. 

14. F Activation of the thromboxane pathway is one of the body’s 
defenses against bleeding. When bleeding occurs, throm- 
boxanes (mainly A^) are synthesized and released from cells 
in the bleeding area. Thromboxanes are powerful vasocon- 
stricting agents that promote platelet aggregation and am- 
plify the effect of other platelet-aggregating substances, such 
as thrombin. Both vasoconstriction and platelet aggregation 
help to block bleeding. 

A-E All of these endogenous substances are vasodilators, 
so their release following bleeding is unlikely. 

Learning objective: Describe the ocular effects of latanoprost. 

15. D Latanoprost is a synthetic prostaglandin F 2a that lowers 
the intraocular pressure without affecting the lens curva- 
ture or pupillary diameter. This is because it increases the 
outflow of the aqueous humor through the uveoscleral route, 
which is different from the Schlemm canal route. Drugs that 
increase outflow ofthe aqueous humor through the Schlemm 
canal cause increased lens curvature and miosis. 

A-C, E See correct answer explanation. 

Learning objective: Identify the enzyme that catalyzes prosta- 
glandin biosynthesis during inflammation. 

16. B Cyclooxygenases are the enzymes that catalyze prosta- 
glandin and thromboxane biosynthesis. Two different iso- 
forms of cyclooxygenase have been found: cyclooxygenase- 1 
(COX-1) and cyclooxygenase-2 (COX-2). Whereas COX-1 is 
expressed in most tissues of the body and tends to be ho- 
meostatic in function, inflammatory mediators such as cy- 
tokines upregulate COX-2 expression, leading to high levels 
of COX-2 in inflamed tissues. COX-2, in turn, catalyzes the 
synthesis of prostaglandin E 0 and prostaglandin I 2 , the pre- 
dominant prostaglandins associated with inflammation. Both 
markedly enhance edema formation and leukocyte infiltra- 
tion in the inflamed area. 




A This enzyme is involved in tissue necrosis. 

D This enzyme is involved in liver disease. 

C, E, F See correct answer explanation. 

Learning objective: Describe the adverse effects of prostaglan- 
din Ej. 

17. C Dysmenorrhea is a common disorder that usually starts 
during adolescence and tends to decrease with age and after 
pregnancy. Prostaglandin E 2 , produced by the secretory en- 
dometrium, has a powerful contracting effect on uterine 
smooth muscle and is most likely the primary factor re- 
sponsible for dysmenorrhea. Ibuprofen is a nonsteroidal 
antiinflammatory drug from the propionic acid class. By 
blocking prostaglandin biosynthesis, these drugs can relieve 
dysmenorrhea. 

A, B, D, E All ofthese compounds are uterine relaxants, not 
stimulators of contraction. 

Learning objective: Describe the adverse effects of misoprostol. 

18. D Misoprostol is a prostaglandin E { analogue approved for 
prevention of nonsteroidal antiinflammatory drug-induced 
peptic ulcers. Diarrhea is the most common adverse effect of 
the drug (up to 30%ofpatients) and is the main reason for its 
infrequent clinical use. 

A-C, E See correct answer explanation. 

Learning objective: Explain the algesic effect of prostaglandins. 

19. D When alprostadil, a synthetic prostaglandin E p is used in- 
traurethrally to improve erectile dysfunction, penile pain is 
the most frequent adverse effect. The mechanism of this ef- 
fect is most likely related to the algesic action of prostaglan- 
dins. These agents can lower the threshold of nociceptive 
afferent neurons, facilitating pain transmission to the spinal 
cord. 

A-C, E All of these are actions in the central nervous sys- 
tem (CNS). Prostaglandins have very short half-lives and do 
not reach the CNS when administered peripherally. 


Learning objective: Describe the action that mediates the thera- 
peutic use of misoprostol. 

20. D The patient’s history and symptoms suggest that she was 
at risk of nonsteroidal antiinflammatory drug (NSAID)-in- 
duced ulcer. The prevalence of endoscopically confirmed 
peptic ulcer in NSAID users is 1 5 to 30%in the United States. 
When peptic ulcers develop in patients taking NSAIDs, the 
preferred approach is to stop the NSAID and to give an anti- 
ulcer drug, usually a proton pump inhibitor or a histamine 
H 0 antagonist. Prophylactic therapy should be considered for 
patients who are unable to discontinue NSAID therapy, as in 
this case. Misoprostol, a synthetic analogue of prostaglandin 
E p is the drug most often prescribed, as it is able to prevent 
(but not to treat) NSAID-induced ulcers. This preventive ef- 
fect is most likely due to the following mechanisms: 

• At low doses, misoprostol activates prostaglandin re- 
ceptors on superficial epithelial cells of the stomach, in- 
creasing bicarbonate and mucus secretion (the so-called 
cytoprotective effect). 

• At higher doses, it activates prostaglandin receptors on 
parietal cells of the stomach, decreasing gastric acid se- 
cretion (most likely the main mechanism). 

A These are the mechanisms of action of sucralfate or of 
bismuth compounds. These drugs are much less effective 
than misoprostol when the ulcer is secondary to chronic 
ingestion ofNSAIDs. 

B This is the mechanism of action of antimuscarinic drugs. 
These drugs are no longer used as antiulcer agents. 

C Gastrin receptor blockers are not yet available. 

E Antibiotic drugs are not used in NSAID-induced peptic 
ulcer unless there is evidence of Helicobacter pylori infection. 


EIOOSANOIDS: AGONISTS, ANTAGONISTS, AND INHIBITORS 
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Answers and Explanations: VH-3 Nonsteroidal Antiinflammatory Drugs 


Questions 1-7 
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learning objective: Explain the mechanism of antipyretic action of 
nonsteroidal antiinflammatory drugs (NSAIDs). 

8. D Ibuprofen is an NSAID of the propionic acid derivative class 
that is approved for children younger than 2 years. All NSAIDs 
inhibit prostaglandin biosynthesis by blocking cyclooxygen- 
ase both in the peripheral tissues and in the central nervous 
system. The release of prostaglandins (PGE p PGE 0 ) in the hy- 
pothalamus seems to be the ultimate factor that adjusts the 
hypothalamic thermoregulatory mechanism to maintain body 
temperature at a higher than normal level. By inhibiting pros- 
taglandin synthesis, NSAIDs promote the return of the hypo- 
thalamic thermostat to the normal set point. Once the normal 
set point is restored, the temperature-regulating mechanisms 
operate (by dilation of superficial blood vessels, sweating, etc.) 
to reduce temperature. 

A-C All of these actions can lead to an antipyretic effect, 
but NSAIDs do not have these actions. 

E The inhibition of cyclooxygenase in peripheral tissues 
can lead to an antiinflammatory effect that can reduce fever. 
However, the main mechanism of the antipyretic effect of 
NSAIDs is central rather than peripheral. 

F Blockade of oxidative phosphorylation in skeletal muscle 
leads to hyperthermia, not to an antipyretic effect. 

Learning objective: Identify the cause of ibupro fen-induced 
oliguria. 

9. A Normal glomerular filtration rate (GFR) is maintained by 
a fine balance between prostaglandin-mediated dilation of 
afferent arterioles and angiotensin Il-mediated vasoconstric- 
tion of efferent arterioles. Drugs that interrupt this homeo- 
static mechanism can cause renal failure. Because of the 
therapy with captopril, the angiotensin Il-mediated vasocon- 
striction of the efferent arterioles was already lost. When a 
nonsteroidal antiinflammatory drug (NSAID) was added to 
the patient’s regimen, his kidneys no longer had control of the 
afferent or efferent arteriolar tone, and renal failure ensued. 
In addition, it has been shown that NSAIDs can inhibit the 
diuretic effect of most diuretic agents, which can explain why 
in this patient even an increase in furosemide dosage had no 
effect. 

B Worsening of cardiac failure may be associated with oli- 
guria, but this is unlikely in this case because the patient did 
show improvement with therapy. 

C Furosemide can increase, not decrease, renin secretion 
secondary to inhibition ofNa + and Cl~ transport into the mac- 
ula densa. 

D In patients with cardiac failure, digoxin usually increases, 
not decreases, GFR secondary to the increased cardiac output. 

E Severe hypokalemia impairs the concentrating ability of 
the kidney and therefore tends to cause polyuria, not oliguria. 


Learning objective: Describe the poisoning due to salicylate 
overdose. 

10. E The patient’s symptoms, the marked hyperthermia, and 
the respiratory depression suggest severe poisoning by salic- 
ylates. This is supported by the lab results indicating mixed 
respiratory and metabolic acidosis (low pH, increased P a C0 2 , 
and decreased plasma bicarbonate content). This acid-base 
disturbance is typical of a high salicylate content in blood. In 
salicylate poisoning, the initial event (when salicylate con- 
centration in blood is not yet high) is respiratory alkalosis 
caused by salicylate-induced stimulation of the respiratory 
center. Partial compensation is achieved, as usual, by in- 
creased renal excretion of bicarbonate. Therefore, the initial 
phase of poisoning (or when the poisoning is mild) is char- 
acterized by respiratory alkalosis (high pH, decreased levels 
of P a C0 2 and bicarbonate). In a later phase, when salicylate 
blood levels become quite high, the respiratory center be- 
comes depressed, and respiratory acidosis supervenes. This 
acidosis is uncompensated because a significant amount of 
bicarbonate has already been eliminated. Moreover, salicy- 
lates cause uncoupling of mitochondrial oxidative phos- 
phorylation (which leads to hyperthermia) and inhibits the 
enzymes of the Krebs cycle, resulting in increased pyruvic 
and lactic acids. lipolysis, gluconeogenesis, and glycolysis are 
also stimulated, leading to hyperglycemia and production of 
keto acids. Therefore, the final picture is mixed respiratory 
and metabolic acidosis, as in this case. 

A Acute alcohol poisoning can cause combative behavior, 
but hypothermia and hypoglycemia are typical signs of al- 
cohol poisoning, and tinnitus is usually absent. 

B, C Poisoning by nonsteroidal antiinflammatory drugs 
other than salicylates does not usually cause profound im- 
pairment of the acid-base balance. 

D, F Poisoning by these drugs does not cause the set of 
symptoms showed by the patient. 

Learning objective: Identify the drug that can cause nonsteroidal 
antiinflammatory drug (NSAID) hypersensitivity. 

11. CThe patient’s history and symptoms suggest that the cul- 
prit drug was aspirin and that she was affected by aspirin 
hypersensitivity, a syndrome that can occur in 20 to 25%of 
middle-aged patients with asthma, chronic urticaria, or nasal 
polyps, as in this case. The reaction does not appear to be 
immunologic in nature, but instead seems to be a pseudoal- 
lergic reaction. The mechanism is not known, but it is likely 
related to the formation of increased amounts of leukot- 
rienes and other products of the lipoxygenase pathway due 
to inhibition of the cyclooxygenase pathway. Patients with 
this syndrome experience a high degree of cross-sensitivity 
to other NSAIDs, which supports the conclusion that this re- 
action represents an abnormal response to a common phar- 
macological action. 




A, D Bronchospasm induced by these drugs is exceedingly 
rare. 

B, E These drugs do no not cause bronchospasm. 

Learning objective: Outline the therapeutic use of acetaminophen 
in a patient with hemophilia. 

12. B Because the patient is suffering from hemophilia, all non- 
steroidal antiinflammatory drugs (NSAIDs) are contraindi- 
cated because they can decrease platelet aggregation and can 
provoke gastrointestinal bleeding. Acetaminophen is free 
from the above-mentioned effects and can be used as an 
analgesic in this patient. 

A, C-F See correct answer explanation. 

Learning objective: Describe disturbances of acid -base metabo- 
lism caused by high therapeutic doses of salicylates. 

13. B The lab values indicate that the acid -base disturbance was 
respiratory alkalosis, which is an effect of high therapeutic 
doses of salicylates. These drugs stimulate respiration both 
directly (by a direct effect on the respiratory center in the 
medulla) and indirectly (by increased production of carbon 
dioxide due to increased oxygen consumption). Compensa- 
tion is achieved by increased renal excretion of bicarbon- 
ate. Unless toxic doses are given, this stage seldom proceeds 
further. 

A, C-E See correct answer explanation. 

Learning objective: Explain the reason for hyperthermia due to 
salicylate overdose. 

14. D The patient’s signs and symptoms indicate he was suffer- 
ing from salicylate overdose toxicity. Although salicylates 
have an antipyretic action, they can cause hyperthermia 
when given in too-high doses. This seems to be primarily 
due to the uncoupling of oxidative phosphorylation in skele- 
tal muscle; that is, oxidation proceeds without phosphory- 
lation, thus producing heat. This action is similar to that 
produced by dinitrophenol. 

A-C, E See correct answer explanation. 

learning objective: Explain the mechanism of analgesic action of 
nonsteroidal antiinflammatory drugs (NSAIDs) in surgical pain. 

15. B Prostaglandins are endogenous compounds that are re- 
leased from damaged tissues and can sensitize nociceptors, 
causing pain. By inhibiting prostaglandin biosynthesis in the 
damaged area, NSAIDs cause an analgesic effect. Ketorolac is 
an effective analgesic but only a moderately effective anti- 
inflammatory drug. Its analgesic efficacy seems greater than 
that of most other NSAIDs. 

ANSAIDs do not act on prostaglandin receptors. 

C, ENSAIDs do not cause these effects. 


D Inhibition of prostaglandin biosynthesis in the central 
nervous system can occur and could contribute to the anal- 
gesic effect, but the effect is mainly a peripheral one. 

learning objective: Describe the main contraindications of non- 
steroidal antiinflammatory drugs (NSAIDs). 

16. EThe history of the patient indicated aspirin hypersensitiv- 
ity. This syndrome occurs in 0.3%ofpatients, but it can occur 
in 20 to 25%ofmiddle-aged patients with asthma, nasal pol- 
yps, or chronic urticaria. The syndrome is not dose-related 
(it can occur with small amounts of aspirin) and does not 
appear to be immunologic in nature. Because there is a high 
degree of cross-sensitivity between aspirin and other NSAIDs, 
severe aspirin hypersensitivity is a contraindication to the 
use of any NSAIDs. 

A-D See correct answer explanation. 

Learning objective: Identify the antipyretic drug causing poison- 
ing associated with extremely high transaminase levels. 

17. C The patient’s history and symptoms suggest that he was 
most likely suffering from acetaminophen poisoning. This 
poisoning is due to toxic metabolites (mainly A-acetyl-/?- 
benzoquinone) that accumulate when glutathione is not 
available for conjugation. Usually these metabolites are 
rapidly conjugated with glutathione, but in the absence of 
glutathione, they react with cellular proteins, resulting in 
hepatotoxicity. This occurs after the ingestion of toxic doses 
or when alcohol is taken together with acetaminophen, as 
in both cases glutathione is depleted faster than it can be 
generated. The alcohol-acetaminophen syndrome occurs in 
a clinical setting in which acute, sometimes fulminant, he- 
patic necrosis develops after large doses of acetaminophen 
are taken during an alcoholic binge or a period of chronic, ex- 
cessive alcohol intake. Peculiar to the alcohol-acetaminophen 
syndrome are the extremely high serum transaminase levels, 
as in this case. Early treatment consists ofthe administration 
of A-acetylcysteine, although at 48 hours or more after the 
ingestion, its use remains controversial. 

A, B, D, E Overdose of all of the other listed drugs does not 
cause a significant increase in serum transaminase levels. 

Learning objective: Outline the therapeutic uses of celecoxib in a 
patient with a relevant past medical history. 

18. E Celecoxib is a selective inhibitor of cyclooxygenase-2. 
Drugs of this class (sometimes called coxibs) have analgesic, 
antipyretic, and antiinflammatory actions. However, they 
lack action on platelet aggregation and have lower adverse 
effects on the gastric mucosa than nonselective inhibitors 
of cyclooxygenases. These drugs are therefore preferred in 
patients at risk of peptic ulcer disease, as in this case. 

A-D, F See correct answer explanation. 




learning objective: Describe the contraindications to the use of 
celecoxib. 

19. B Celecoxib is a selective cyclooxygenase-2 (COX-2) inhibitor 
with antipyretic, analgesic, and antiinflammatory effects sim- 
ilar to those of other nonsteroidal antiinflammatory drugs 
(NSAIDs). It is a sulfa derivative and therefore is relatively 
contraindicated in this patient because of his previous seri- 
ous allergic reaction to sulfonamides, even though the risk of 
an allergic reaction after administration of a sulfa derivative 
in a patient with sulfonamide hypersensitivity appears to be 
very low. 

A, C-E See correct answer explanation. 

Learning objective: Describe the nephropathy due to long-term 
use of nonsteroidal antiinflammatory drugs (NSAIDs). 

20. C The culprit drug was most likely an NSAID such as di- 
clofenac. Chronic use (6 to 8 months or more) of antipyretic 
analgesics can cause a nephropathy that is characterized by 
renal papillary necrosis (the primary lesion) and chronic in- 
terstitial nephritis. The cause of the disease is still uncertain, 
but it seems to be related, at least in part, to the chronic 
inhibition of prostaglandin biosynthesis, as prostaglandins 
play important roles in regulating renal function. The risk 
increases with the use of analgesic combinations, as in this 
case. 

A, B The risk of nephropathy with chronic use of these 
analgesics is negligible. 

D-F See correct answer explanation. 

learning objective: Explain the use of nonsteroidal antiinflamma- 
tory drugs (NSAIDs) in dysmenorrhea. 

21. B The pain occurring during menses (dysmenorrhea) is 
thought to result from uterine contractions and ischemia, 
likely mediated by prostaglandins produced by the secretory 
endometrium. Contributing factors may include an extremely 
tight cervical os because of thermocautery or conization, as 
in this case. Pain occurs when the uterus attempts to expel 
tissue through the os. The analgesic effects of NSAIDs such 
as ibuprofen in the treatment of dysmenorrhea are mainly 
due to the inhibition of prostaglandin biosynthesis in the 
endometrium. 

ANSAIDs do not act on prostaglandin receptors. 

C Even if a central action (inhibition of prostaglandin bio- 
synthesis in the central nervous system [CNS]) may contrib- 
ute to the analgesic effect of NSAIDs, the effect is mainly 
peripheral. Acetaminophen is the only analgesic-antipyretic 
drug whose analgesic effect is thought to be primarily medi- 
ated by the inhibition of pain transmission in the CNS. 

D Pelvic inflammatory disease may cause diffuse, contin- 
uous, low abdominal pain. In this case, however, the pain is 


present only during menses, so it is unlikely that it is due to 
pelvic inflammatory disease. 

ELeukotrienes can increase nociceptive nerve ending sen- 
sitivity, but NSAIDs do not affect leukotriene synthesis. 

Learning objective: Describe salicylate -induced Reye syndrome. 

22. F The results of the autopsy and the history of the patient 
suggest that the cause of death was Reye syndrome. The syn- 
drome consists of acute encephalopathy with fatty degener- 
ation of the viscera. It is exceedingly rare and occurs almost 
exclusively in children younger than 18 years. Lethality is 
estimated to be about 20% The cause of the syndrome is 
unknown, but risk factors involve use of salicylates in viral 
infections, as in this case. 

A-E These drugs do not cause Reye syndrome. 

Learning objective: Describe the contraindications to the use of 

celecoxib. 

23. C Pain from osteoarthritis is usually treated initially with 
nonsteroidal antiinflammatory drugs. However, clinical data 
suggest that cyclooxygenase-2 (COX-2) inhibitors such as ce- 
lecoxib are more likely to cause arterial thrombotic events, 
probably because they do not inhibit platelet aggregation 
that is mediated by thromboxane produced by the COX-1 en- 
zyme. Therefore, COX- 2 -selective analgesics are contraindi- 
cated in patients with a history ofprevious thromboembolic 
disease, as in this case. 

A, B, D, E See correct answer explanation. 

foaming objective: Outline the uses of nonsteroidal antiinflam- 
matory drugs (NSAIDs) in dysmenorrhea. 

24. D Primary dysmenorrhea is cyclic pain associated with 
menses during ovulatory cycles but without demonstrable 
lesions affecting the reproductive cycle. The pain is thought 
to result from uterine contraction and ischemia, most likely 
mediated by the actions of prostaglandins produced by the 
secretory endometrium. NSAIDs taken 2 days before menses 
and continued for 2 or 3 days or as needed represents the 
first-line pharmacotherapy. Propionic acid derivatives are 
very effective in dysmenorrhea for many patients; in a vari- 
ety of clinical trials, good to complete pain relief was re- 
ported for 40 to 100%of women using ibuprofen. 

A Although acetaminophen is advertised as an analgesic 
for dysmenorrhea, it is much less effective than NSAIDs be- 
cause it is a very poor inhibitor of cyclooxygenase in periph- 
eral tissues. 

B Beta-2 agonists can relax the uterus, but their action is 
much less effective than that of NSAIDs in dysmenorrhea, 
where prostaglandins play the main role. 

C, E, F These drugs would increase, not decrease, uterine 
contractions. 




learning objective: Outline the use of ibuprofen in a patient with 
a relevant past medical history. 

25. D Ibuprofen has been approved for use as an antipyretic in 
children and is currently available over the counter. Because 
most nonsteroidal antiinflammatory drugs have antipyretic 
activity, the initial choice is often based on specific patient- 
related contraindications. 

In this patient: 

A Aspirin is contraindicated because of the risk of Reye 
syndrome. This serious disorder mainly affects children or 
young adults, and predisposing factors include viral infec- 
tion and salicylate therapy. 

B Indomethacin is not indicated for general use as an an- 
algesic or antipyretic because of its toxicity. 

C Acetaminophen is contraindicated in this patient be- 
cause of his congenital deficiency of red blood cell gluta- 
thione synthase. Acetaminophen is partially metabolized to 
A-acetyl-/?-benzoquinoneimine, which is rapidly conjugated 
with glutathione. If glutathione stores are deficient, the 
metabolite reacts with hepatocyte macromolecules, result- 
ing in hepatotoxicity. Patients with congenital deficiency of 
glutathione synthase are therefore at increased risk of acet- 
aminophen toxicity. 

E, F These drugs are not used as antipyretics. 

Learning objective: Outline the analgesic uses of piroxicam in a 
patient with a relevant past medical history. 

26. CThe symptoms and the history of the patient suggest the 
pain was caused by bone metastases, which are the most 
frequent metastases in prostatic carcinoma. Osseous metas- 
tases induce an inflammatory reaction with the production 
of prostaglandins that may cause osteolysis and sensitize 
free nerve endings, augmenting pain perception. Nonste- 
roidal antiinflammatory drugs (NSAIDs) effectively decrease 
prostaglandin and endoperoxide production and therefore 
can be useful for an initial treatment of metastatic bone 
pain. Piroxicam is a long-acting, nonselective, competitive 
inhibitor of cyclooxygenase that also inhibits polymorpho- 
nuclear cell migration and decreases oxygen radical pro- 
duction. All NSAIDs could be useful as analgesics, and the 
superiority of any particular drug for a particular patient 
cannot be predicted. Therefore, the initial choice is often 
based on specific patient-related contraindications. 

In this patient: 

A Aspirin is contraindicated because of his congenital 
glucose-6-phosphate dehydrogenase (G6PD) deficiency (sa- 
licylates can cause hemolytic anemia in patients with this 
deficiency). 

B Acetaminophen is a very weak inhibitor of cyclooxygen- 
ase in the presence of high concentrations of peroxide that 
are found in inflammatory lesions. 


D All propionic acid derivatives are contraindicated be- 
cause of the serious allergic reaction to naproxen. 

E Tricyclic antidepressants such as amitriptyline are some- 
times useful analgesics in neoplastic disorders when the pain 
is neuropathic (i.e., due to the damage of neuronal struc- 
tures) but not when the pain is nociceptive (i.e., pain trans- 
mitted over intact neural pathways), as in this case. 

learning objective: Describe the use of indomethacin in a new- 
born baby with patent ductus arteriosus. 

27. EThe patient’s symptoms and the echocardiography results 
suggest he had a patent ductus arteriosus, which can occur 
in up to 80%of premature infants with a birth weight less 
than 1200 g (2.65 lb). Patency of the ductus arteriosus is 
maintained in utero by the low partial pressure of oxygen 
and high concentration of prostaglandins, mainly PGEj and 
PGE 2 , w hich have vasodilatory actions. Because of this, non- 
steroidal antiinflammatory drugs have been found to speed 
up the closure of the ductus arteriosus in newborn babies. 
Indomethacin given intravenously is the treatment of choice 
and can achieve closure in more than 70%of neonates. 

A-D See correct answer explanation. 

Learning objective: Describe nonsteroidal antiinflammatory drug 

(NSAID)-induced iron deficiency anemia. 

28. A The patient’s history and symptoms suggest that she was 
affected by iron deficiency anemia. Dark stools (due to gas- 
tric bleeding) and pica (craving to eat nonedible substances) 
are symptoms of iron deficiency anemia. Chronic occult 
bleeding is the most common cause of iron deficiency ane- 
mias in adults. It is present in up to 30%of patients chron- 
ically treated with NSAIDs. Iron deficiency from an inadequate 
diet can also contribute to the anemia, as may be relevant 
in this case (see the vegetarian habit of the patient). 

B-E See correct answer explanation. 

learning objective: Describe the mechanism of action of non- 
steroidal antiinflammatory drugs (NSAIDs). 

29. C Ibuprofen is an NSAID of the propionic acid derivative 
class. By inhibiting cyclooxygenases, these drugs impair the 
biosynthesis of both prostacyclin (prostaglandin I 2 ) and 
thromboxanes. 

A, B, D-F All of these options have at least one endogenous 
compound whose biosynthesis is not inhibited by NSAIDs. 




learning objective: Explain the mechanism of peptic ulcer forma- 
tion by nonsteroidal antiinflammatory drugs (NSAIDs). 

30. B Erosive gastritis, bleeding, and peptic ulcer are well recog- 
nized adverse effects of NSAIDs. The effects are the conse- 
quence of both systemic and local actions. 

Systemic actions are related to inhibition of prostaglandin 
biosynthesis, which in turn leads to 

• Increased gastric acid secretion (prostaglandins decrease 
this secretion by inhibiting cyclic adenosine monophos- 
phate (cAMP)-mediated activation of the proton pump) 

• Decreased bicarbonate and mucus secretion by gastric 
mucosa (which is increased by prostaglandins) 

Local actions occur via an ion-trapping mechanism. Most 
NSAIDs are weak acids with an acid dissociation constant 
(P A.) le ss than 5. Therefore, they are mainly nonionized (i.e., 
lipid soluble) in the stomach lumen and can cross the cell 


membrane by lipid diffusion. In the neutral environment of 
the cytoplasm, they become ionized (i.e., water soluble) and 
are trapped inside the cell, causing cell damage. 

A, E Gastrin and cholecystokinin secretions are not af- 
fected by NSAIDs. 

C, D See correct answer explanation. 
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Answers and Explanations: VH-4 Immunomodulating Drugs 


Questions 1-4 

1. A 

2. C 

3. F 

4. B 

learning objective: Identify the immunosuppressive mechanisms 

of prednisone. 

5. A An immunosuppressive drug therapy must be given to all 
patients undergoing organ transplant. No consensus exists on 
the best induction and maintenance immunosuppressive reg- 
imen, but most regimens rely on three or four agents, and one 
of these is almost always a glucocorticoid, such as prednisone. 
Glucocorticoids suppress primarily cellular immunity because 
of their ability to modify cellular function. In addition, they 
can inhibit phospholipase A^ blocking both prostaglandin 
and leukotriene synthesis, and they increase the fractional 
catabolic rate of immunoglobulin G ( IgG), the major class of 
antibody immunoglobulins, thus lowering the concentration 
of specific antibodies. 

B-E All of these immunosuppressive drugs can suppress 
cellular immunity, but they do not affect eicosanoid synthesis 
or the catabolism of IgG antibodies. 

Learning objective: Identify the drug used for the therapy of lupus 

erythematosus. 

6. BThe signs and symptoms of the patient indicate that she was 
most likely affected by lupus erythematosus. In fact, the pa- 
tient showed 5 ofthe 1 1 signs and symptoms most often asso- 
ciated with this disease: malar (butterfly) erythema, arthritis, 


oral ulcers, renal disorder, and nuclear antibodies). According 
to the American College of Rheumatology, the diagnosis of 
lupus erythematosus is made when the patient has 4 or more 
of these 11 signs and symptoms. The cause of lupus erythe- 
matosus is unknown but is thought to involve autoimmune 
mechanisms. The therapy almost always includes corticoste- 
roids, which are especially valuable for the more severe and 
life-threatening manifestations of the disease. Because in 
this case there are signs of renal insufficiency (see creatinine 
and blood urea nitrogen [BUN] values), steroid therapy is 
clearly indicated. 

A Ustekinumab is approved for the treatment of plaque 
psoriasis only. 

C-E These are immunostimulant drugs and therefore are 
contraindicated in autoimmune disease. 

Learning objective: Describe the mechanism of glucocorticoids in 
autoimmune diseases. 

7. D Myasthenia gravis is an acquired autoimmune disease 
characterized by exercise-induced muscle fatigue that resolves 
after rest. The pathogenesis is due to antibody-mediated de- 
struction of cholinergic Nm receptor sites. The initiating event 
leading to antibody production is unknown. This patient most 
likely developed a myasthenic crisis (edrophonium improved 
muscle strength), which may be precipitated by infection but 
also can occur without apparent cause. Myasthenic crisis re- 
quires intensive management that includes selected anticho- 
linesterase drugs such asneostigmine and immunosuppressive 
treatment with glucocorticoids and cyclosporine. The immu- 
nosuppressive effect of glucocorticoids is likely due to multiple 



mechanisms of action. Especially important in this regard is 
the inhibition of T-cell activation (due to inhibition of syn- 
thesis of interleukin- 1) and T-cell proliferation (due to inhi- 
bition of synthesis of interleukin-2). 

A, B Glucocorticoids have no effect on plasma cholinester- 
ase or nicotinic receptors. 

C, E Glucocorticoids actually decrease the synthesis of 
these interleukins (see correct answer explanation). 

Learning objective: Identify the cell type representing the site of 

action of cyclosporine. 

8. C Cyclosporine is a selective inhibitor of T-helper cells, sup- 
pressing the early cellular response to antigenic stimuli. Its 
site of action is within the cytoplasm of T-helper cells, where 
it binds to an immunophilin called cyclophilin. 

A, B, D, E These cells are not direct targets for cyclosporine. 

learning objective: Explain the mechanism of action of sirolimus. 

9. D Sirolimus (formerly called rapamycin) resembles tacroli- 
mus and binds to the same intracellular FK-binding proteins. 
However, whereas tacrolimus and cyclosporine block gene 
transcription, sirolimus acts later to block interleukin-2- 
dependent lymphocyte proliferation. This blockade is likely 
due to the inhibition of mammalian kinase (called mam- 
malian target of rapamycin), an enzyme that is essential for 
cell-cycle progression. Therefore, the drug substantially in- 
hibits T- and B-cell proliferation. 

A-C, E See correct answer explanation. 

Learning objective: Describe the adverse effects of cyclosporine. 

10. B The lab tests suggest that the patient is suffering from 
renal insufficiency. Nephrotoxicity is the most common ad- 
verse effect of cyclosporine, occurring in up to 80%of treated 
patients. The pathophysiology of this adverse effect is still 
uncertain. 

A, C-E These drugs have a negligible risk of nephrotoxicity. 

Learning objective: Identify the receptor class activated by 

cytokines. 

11. A Aldesleukin is a cytokine (recombinant interleukin-2). 
Most cytokines activate receptors that belong to the Janus- 
kinase family. These receptors are polypeptides consisting of 
an extracellular cytokine-binding domain and a cytoplasmic 
enzyme domain. When a cytokine binds to the extracellular 
domain, the intracellular domain binds to and phosphory- 
lates a separate intracellular tyrosine kinase termed Janus 
kinase. This tyrosine kinase in turn phosphorylates other 
proteins called STAT (signal transduction and activation of 
transcription) that translocate to the nucleus and regulate 
transcription of specific genes. 

B-E See correct answer explanation. 


Learning objective: Describe the adverse effects of azathioprine. 

12. D The profound leukopenia and thrombocytopenia exhib- 
ited by the patient suggest bone marrow suppression. Trans- 
plant patients always receive immunosuppressive therapy 
to prevent organ allograft rejection. Cyclosporine, azathio- 
prine, and a glucocorticoid are the drugs most frequently 
used for this purpose. Azathioprine is a prodrug that is con- 
verted in the body to mercaptopurine, an antimetabolite an- 
ticancer drug. It is therefore a cytotoxic agent that can cause 
significant myelosuppression. 

A Cyclosporine is the drug most frequently given for im- 
munosuppression in transplant patients, but it does not 
cause myelosuppression. 

B, CDobutamine and dopamine are often given to heart 
transplant patients to increase cardiac output and renal blood 
flow, but they do not cause myelosuppression. 

E Fluorouracil is an anticancer drug that is not used for 
immunosuppression. 

learning objective: Describe the immunosuppressive therapy used 

to treat chronic graft -versus-host disease (GVHD). 

13. A The patient most likely suffered from chronic GVHD, 
which occurs in up to 70%of allogeneic bone marrow trans- 
plant patients. The most important risk factor for developing 
chronic GVHD is a prior diagnosis of acute GVHD. The main- 
stay of therapy of GVHD is long-term immunosuppressive 
therapy. Prednisone and cyclosporine are among the most 
commonly used agents for this purpose. The combination of 
cyclosporine and prednisone has resulted in higher survival 
when compared with prednisone or cyclosporine alone. 

B-E Erythromycin, doxorubicin, and vinblastine are not 
immunosuppressive drugs. 

learning objective: Explain the molecular mechanism of act ion of 

tacrolimus. 

14. CAntibiotics endowed with immunosuppressant properties 
include cyclosporine, tacrolimus, and sirolimus. They inter- 
fere with T-cell function by binding to immunophilins, small 
intracellular proteins that play a key role in T-cell response 
to cytokines. Cyclosporine binds to cyclophilin; tacrolimus 
and sirolimus bind to FK-binding proteins. The tacrolimus- 
protein complex binds to calcineurin, a cytoplasmic phos- 
phatase, thus inhibiting calcineurin-mediated expression 
for production of several cytokines. 

A Azithromycin is a macrolide antibiotic with antibacte- 
rial activity. It is devoid of immunosuppressive properties. 

B Azathioprine is a cytotoxic drug with immunosuppres- 
sive properties, but it does not bind to an FK-binding protein. 

D Cyclosporine also inhibits calcineurin actions, but it 
binds to cyclophilin, not to an FK-binding protein. 

E Tobramycin is an aminoglycoside antibiotic devoid of 
immunosuppressive properties. 



learning objective: Identify the immunosuppressant drug used to 
prevent allograft rejection that frequently causes gastrointestinal 
adverse effects. 

15. B Mycophenolate mofetil is currently used with prednisone 
and cyclosporine to prevent rejection in transplanted pa- 
tients. Gastrointestinal effects are the most common adverse 
reactions associated with this drug and include severe ab- 
dominal pain (up to 60%) nausea and vomiting (up to 30%), 
diarrhea (up to 50%), and constipation (up to 40%). 

A, C-F These drugs are not used to prevent allograft 
rejection. 

Learning objective: Explain the anaphylactoid reaction to mono- 
clonal antibodies. 

16. E The patient was most likely experiencing an infusion- 
related reaction, which is a major adverse effect of most 
monoclonal antibodies. This reaction can be due to a cyto- 
kine release syndrome or an anaphylactoid reaction. The 
symptoms and signs of this patients point out that the syn- 
drome was most likely an anaphylactoid reaction. 

A-D These are not adverse effects of basiliximab. 

foaming objective: Explain the molecular mechanism of act ion of 
muromonab-CD3. 

17. E Muromonab-CD3 is a monoclonal antibody against CD3 
molecules present on the surface of human thymocytes and 
mature T cells. CD3 molecules are necessary for a signal to be 
transduced to the cytoplasm after the T-cell receptor binds 
to the antigen. The drug binds and neutralizes the CD3 pro- 
tein receptor complex, causing the death of T cells. 

AMuromonab-CD3 has negligible effects on B cells. 

B This is the mechanism of action of azathioprine. 

C This is the mechanism of action of cyclosporine and 
tacrolimus. 

D Stimulation of the synthesis of interleukin- 1 would cause 
an immunostimulant, not an immunosuppressive, effect. 

learning objective: Explain the mechanism of the immunosup- 
pressive action of azathioprine. 

18. B Azathioprine is an immunosuppressive agent used in organ 
transplantation to prevent rejection. It is a prodrug that is 
converted in the body to mercaptopurine, an antimetabolite 
anticancer drug that blocks purine biosynthesis. This leads 
to cytotoxicity mainly toward cells with a high turnover rate, 
which includes T and B lymphocytes. Because the prolifer- 
ation of these lymphocytes is inhibited, both cell- and anti- 
body-mediated immune responses are inhibited. This also 
explains why most antimetabolite anticancer drugs have 
immunosuppressive actions. Azathioprine, however, appears 
to be a more effective immunosuppressive than mercap- 
topurine itself. The basis for this superiority is unknown. 


Because azathioprine inhibits the early stages of cell differ- 
entiation and proliferation, the drug is useful for preventing 
rejection but is ineffective for the treatment of acute rejection. 

A Azathioprine has no blocking activity on receptors of 
tumor necrosis factor-a (TNF-a). 

C Antigen presentation by different antigen-presenting 
cells is an early step in the adaptive immune response. This 
step is not inhibited by azathioprine. 

D, E These two actions would actually increase, not de- 
crease, the immunologic response of the body. 

learning objective: Explain why mycophenolate mofetil cur- 
rently replaces azathioprine to prevent rejection in a solid organ 
transplant. 

19. B Mycophenolate mofetil is a prodrug that is biotransformed 
into mycophenolic acid. This active metabolite inhibits ino- 
sine monophosphate dehydrogenase, an enzyme involved 
in the de novo pathway ofpurine biosynthesis. However, un- 
like azathioprine, it does not inhibit enzymes involved in 
the salvage pathway of purine or pyrimidine biosynthesis. 
Thus, it selectively inhibits the proliferation of lymphocytes 
(including B and T lymphocytes), as these cells lack the en- 
zymes of the alternative salvage pathway. Because of this, 
mycophenolate mofetil is cytotoxic only for lymphocytes, 
whereas azathioprine is cytotoxic for all rapidly growing 
cells. This explains why mycophenolate mofetil has signifi- 
cantly fewer adverse effects than azathioprine. 

A The immunosuppressive activity of mycophenolate and 
azathioprine is roughly the same because both drugs are able 
to kill B and T lymphocytes. 

C Graft-versus-host disease occurs after stem cell trans- 
plantation, not after solid organ transplantation. 

D Mycophenolate mofetil has negligible effects on macro- 
phages because these cells can utilize the salvage pathway 
for purine biosynthesis. 

E Mycophenolate mofetil has no effect on antigen-present- 
ing cells. 

learning objective: Identify the drug used to maintain remission 
in Crohn disease. 

20. E Several studies have shown that glucocorticoids are inef- 
fective in maintaining remission in Crohn disease, although 
a subset of patients require chronic administration of glu- 
cocorticoids to prevent recurrence of symptoms (termed 
steroid-dependent Crohn disease). Given the poor long-term 
efficacy of glucocorticoids, many experts attempt treatment 
with other immunosuppressive drugs. Azathioprine, metho- 
trexate, and infliximab are effective in maintaining remission 
and are also used as a steroid-sparing strategy in patients 
with steroid-dependent Crohn disease. 

A-D See correct answer explanation. 




learning objective: Describe the use of muromonab-CD3 to treat 
steroid-resistant organ allograft rejection. 

21. B A high-dose glucocorticoid (usually intravenous methyl- 
prednisolone) is considered first-line therapy for acute rejec- 
tion because it works very quickly in decreasing lymphocyte 
responsiveness and can reverse at least 75%of acute rejection 
episodes. Muromonab-CD3 is usually reserved for steroid- 
resistant rejection. 

A Because prednisone failed to resolve the rejection, ad- 
ministration of another steroid would be irrational. 

C Aldesleukin is an immunostimulant, not an immuno- 
suppressive drug. 

D, E Because a cytotoxic drug (azathioprine) failed to pre- 
vent rejection, the choice of other cytotoxic drugs is not 
appropriate. 

Learning objective: Identify the immunosuppressive drug therapy 
given prior to heart transplant. 

22. B Immunosuppressive therapy is given aggressively during 
the early transplant period because the risk of organ rejec- 
tion is greater at this time. Azathioprine with prednisone 
was associated with a 50%organ survival rate. When cyclo- 
sporine was added, more than an 80%rate of organ survival 
was obtained. 

A Aldesleukin is an immunostimulant drug, so its use 
would be irrational in this setting. 

C Triamcinolone is a synthetic glucocorticoid. The com- 
bined use of prednisone and triamcinolone (two different 
glucocorticoids with equivalent effects) is superfluous. 

D, E Infliximab and etanercept are immunosuppressive 
drugs that neutralize tumor necrosis factor-a (TNF-a). They 
are used only in Crohn disease and rheumatoid arthritis, both 
autoimmune diseases. 

Learning objective: Identify the cell type representing the site of 
action of tacrolimus. 

23. C Tacrolimus is not chemically related to cyclosporine but 
has a similar site and mechanism of action. Both drugs bind 
to immunophilins located in the cytoplasm of T-helper cells, 
suppressing the early cellular response to antigenic stimuli. 

A, B, D, E These cells are not direct targets for tacrolimus. 

Learning objective: Describe the therapeutic uses of tacrolimus. 

24. C Patients who receive an initial immunosuppressant ther- 
apy with cyclosporine are sometimes converted to tacroli- 
mus, either because of persistent drug reactions or of a poor 
response, as in this case. Tacrolimus has a mechanism of 


action very close to that of cyclosporine. Nevertheless, pa- 
tient survival rates exceeding 80%have been reported in liver 
transplant patients who were converted from cyclosporine 
to tacrolimus because of failure of cyclosporine therapy. 

A, B, D, E These drugs are not immunosuppressants. 

Learning objective: Identify the immunosuppressive drug that can 

inhibit enzymes ofde novo purine nucleotide biosynthesis. 

25. E Azathioprine It is a prodrug that is biotransformed into 
mercaptopurine and then into the corresponding false nu- 
cleotide. The false nucleotide inhibits enzymes critical for 
the synthesis of phosphoribosylamine, which is an essential 
step in purine biosynthesis, as well as in the salvage pathway 
for purine conservation. The false nucleotide also causes 
DNAdamage upon intercalation. 

A-D, F These immunosuppressive drugs do not affect 
purine biosynthesis. 

Learning objective: Describe the adverse effects of tacrolimus. 

26. E Neurotoxicity and nephrotoxicity are the two major ad- 
verse effects of tacrolimus, occurring in more than 50%of 
patients receiving this drug. Neurotoxicity includes head- 
ache, insomnia, tremor, paresthesias, and seizures. 

A-C Tacrolimus actually can cause hypertension, hyper- 
kalemia, and hyperglycemia. 

D Hemolytic anemia has been reported very rarely during 
tacrolimus treatment. 

Learning objective: Explain the molecular mechanism of action 

of aldesleukin. 

27. A Aldesleukin is recombinant interleukin-2 (IL-2) with a 
mechanism of action essentially identical to that of IL-2. 
Aldesleukin activates IL-2 receptors expressed on T-helper 
cells and stimulates a cytokine cascade involving various in- 
terferons, interleukins, and tumor necrosis factors. In this 
way, it induces proliferation of B and T cells (including cyto- 
toxic T cells) and activation of natural killer cells and lym- 
phokine-activated killer cells. The drug is approved for the 
adjunctive treatment of renal cell carcinoma and malignant 
melanoma. The mechanism of antitumor activity is un- 
known but is probably related to the activation of cytotoxic 
T cells. Aldesleukin is associated with serious cardiovascular, 
renal, and central nervous system toxicity, so extensive 
monitoring is required during therapy. 

B-E All of these actions would lead to immunosuppres- 
sive, not immunostimulant, effects. 




learning objective: Identify the immuno stimulant cytokine used 
in the therapy of multiple sclerosis. 

28. CInterferon beta-lb is a cytokine produced by various cells, 
including fibroblasts and macrophages. Like other interfer- 
ons, it has antiviral, immunomodulating, and antiprolifera- 
tive activities. Interferon beta- lb was the first agent shown 
to have an effect on the course of multiple sclerosis (MS). 
The exact mechanism of its action is still unknown, but it is 
likely related to its immunomodulating properties, including 
the downregulation of the expression of class II major histo- 
compatibility complex and of interferon-y (gamma). It is 
thought that interferon-y is a major factor responsible for 
triggering the autoimmune reaction leading to MS. It stimu- 
lates cytotoxic T cells and induces macrophages to produce 
proteinases that degrade the myelin sheath around the spi- 
nal cord. 

A, B, D, E These drugs are not recombinant cytokines. 

learning objective: Explain the mechanism of action of Rho(D) 
immune globulin. 

29. B Because the woman was Rho(D) negative, and her hus- 
band was Rho(D) positive, the baby had a 100%chance (if 
the father was homozygous) or a 50%chance (if the father 
was heterozygous) of being Rho(D) positive. When a Rho(D)- 
negative mother carries a Rho(D)-positive fetus, she will 
produce antibodies against Rho(D)-positive erythrocytes if 
these erythrocytes leak into the maternal circulation. This 
can occur during pregnancy, and the risk of this fetomater- 
nal transfer increases as the pregnancy progresses. The risk 
is the highest during delivery. In subsequent pregnancies, 
these maternal antibodies are transferred to the fetus, lead- 
ing to the development of hemolytic disease in the newborn 
(called erythroblastosis fetalis). 

If Rho(D) immune globulin is administered just after de- 
livery, it destroys the Rho(D)-positive fetal cells in the ma- 
ternal bloodstream before she has an opportunity to make 
her own antibodies, thus preventing erythroblastosis fetalis 
in subsequent pregnancies. This is an example of passive 
immunization. 


A Placental crossing of Rho(D)-positive erythrocytes in 
subsequent pregnancies is not prevented, so the mother must 
receive the Rho(D) immune globulin after each delivery to 
prevent sensitization. It should be remembered that passive 
immunization lasts for the lifetime of the administered anti- 
bodies. The half-life of Rho(D) immune globulin is 20 to 
25 days. 

C The drug actually prevents the hemolytic disease of the 
newborn, not of the mother. 

D The production of Rho(D)-positive fetal erythrocytes is 
genetically determined. 

E Rho(D) antibodies are produced by the mother, not by 
the fetus. 

learning objective: Explain the molecular mechanism of act ion of 
cyclosporine. 

30. EThe activity of cyclosporine is mediated through reversible 
inhibition of T-cell function, particularly T-helper cells. The 
drug binds to a T-helper cell cytoplasmic cyclophilin, then 
the complex binds to calcineurin (a phosphatase) and inhib- 
its its action. This inhibition is thought to prevent activation 
of nuclear factors involved in the gene transcription ofin- 
terleukin-2 and other cytokines. Because interleukin-2 is 
needed for T-cell activation and proliferation, these T-cell 
functions are suppressed. 

A-D All of these actions would activate, not inhibit, im- 
munity processes. 
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Answers and Explanations: VH-5 Drugs for Arthritis and Gout 


Questions 1-4 

1. G 

2. J 

3. F 

4. B 


Learning objective: Identify the advantage of disease -modifying 
antirheumatic drugs (DMARDs) over nonsteroidal antiinflamma- 
tory drugs (NSAIDs) in the treatment of rheumatoid arthritis. 

5. B NSAIDs were once considered the first-line treatment of 
rheumatoid arthritis, but today they are used only as needed 
to control pain because it has been shown that they have little 
effect on bone and cartilage destruction. On the contrary, 




DMARDs can arrest, or at least slow down, the progression of 
the disease. They are slow-acting drugs, and their effect may 
take 6 weeks to 6 months to become evident. Therefore, 
DMARD treatment should not be delayed beyond 3 months 
of arthritis diagnosis for the majority of patients. 

A Most DMARDs can have frequent, and sometimes very 
serious, adverse effects. 

CSee correct answer explanation. 

D There is no complete cure for rheumatoid arthritis. The 
progression of the disease can be arrested, but therapy must 
be continued indefinitely. 

E Acute joint pain is not quickly abolished by DMARDs. 
NSAIDs remain an effective treatment for acute pain. 

Learning objective: Outline the pharmacotherapy of ankylosing 
spondylitis. 

6. C Ankylosing spondylitis is a systemic rheumatic disorder of 
unknown cause characterized by inflammation where liga- 
ments attach to bone, mainly in the axial spine. The disorder 
is more frequent in men and usually begins between the 
ages of 20 and 40. In the past, the mainstay pharmacotherapy 
of ankylosing spondylitis was nonsteroidal antiinflammatory 
drugs (NSAIDs). More recently, it has been shown that anti- 
tumor necrosis factor agents such as etanercept are able to 
cause a rapid and sustained reduction in all clinical and labo- 
ratory measures of disease activity. NSAIDs and cyclooxygen- 
ase-2 selective inhibitors are still used in mild cases. 

D Because ibuprofen was not effective, the efficacy of an- 
other propionic acid derivative would be unlikely. 

A, B, E, F These drugs are of no value in ankylosing 
spondylitis. 

learning objective: Identify the molecular site of action of in- 
fliximab. 

7. E Infliximab is a monoclonal antibody that binds with high 
affinity to soluble and possibly membrane-bound tumor ne- 
crosis factor-a (TNF-a). TNF-a is a proinflammatory cytokine 
that appears to be especially important in the inflammatory 
processes associated with autoimmune disorders, such as 
rheumatoid arthritis, ankylosing spondylitis, Crohn disease, 
and psoriasis. TNF-a -blocking agents such as infliximab are 
used in rheumatoid arthritis, especially when refractory dis- 
ease is diagnosed, as in this case. 

A-D Infliximab does not bind to these molecules. 

Learning objective: Identify the appropriate drug to treat an at- 
tack of gout. 

8. BThe patient’s signs and symptoms suggest that he is suffer- 
ing from an acute gout attack. Although the metatarsophalan- 
geal joint of the great toe is the most common joint affected 


by gout attack, other joints can be involved. The gout attack 
can be precipitated by overindulgence in purine-rich foods, 
alcohol, infection, or minor trauma, as in this case. Systemic 
treatment of acute gout attacks includes oral nonsteroidal 
antiinflammatory drugs (NSAIDs) or colchicine. NSAIDs such 
as indomethacin are often preferred because of the frequent 
and sometimes serious adverse effects of colchicine. Gluco- 
corticoids administered intra-articularly after joint aspira- 
tion can be an effective and safe treatment for a gout attack. 

A Codeine is a weak opioid analgesic devoid of antiinflam- 
matory properties and is of no value in gout attack. 

C, E Methotrexate and etanercept are effective in rheuma- 
toid arthritis but are of no value in gouty arthritis. 

D NSAIDs other than indomethacin have been proved ef- 
fective in the treatment of acute gouty arthritis. When given 
in small doses, aspirin can inhibit the excretion of uric acid 
by the kidney, so it should not be used for analgesia in pa- 
tients with gout. 

F Allopurinol can decrease serum uric acid levels in pa- 
tients with gout but cannot relieve the pain of a gouty attack. 

Learning objective: Identify the appropriate disease-modifying 
antirheumatic drug (DMARD) in a patient with concomitant 
disease. 

9. B The therapy of mild rheumatoid arthritis usually includes 
nonsteroidal antiinflammatory drugs (NSAIDs) that can 
control symptoms of pain and swelling, but DMARD treat- 
ment is almost always added within 3 months ofthe arthri- 
tis diagnosis. Hydroxychloroquine seems to be the least 
toxic among DMARDs and is usually the initial choice. More- 
over, in this patient, immunosuppressant drugs are relatively 
contraindicated because of his frequent respiratory tract 
infections. 

A, C-E See correct answer explanation. 

learning objective: Explain the mechanism of action of leflunomide. 

10. D Leflunomide is a disease-modifying antirheumatic drug 
(DMARD) immunosuppressant approved for the treatment 
of rheumatoid and psoriatic arthritis. Its mechanism of ac- 
tion involves the inhibition of dihydroorotate dehydrogenase, 
an enzyme involved in pyrimidine synthesis. As a conse- 
quence, there is a reduction in uridine triphosphate levels 
and pyrimidine synthesis in leucocytes and other rapidly 
dividing cells. Leflunomide is about as effective as metho- 
trexate in rheumatoid arthritis and enhances methotrexate 
activity when given concomitantly. Therefore, it is often 
added to methotrexate therapy, as in this case. 

A-C, E, F See correct answer explanation. 




learning objective: Identify the drug that is contraindicated in 
patients taking probenecid. 

11. D In humans, uric acid elimination is handled by the kidney 
through the following four active transport mechanisms lo- 
cated in subsequent segments of the proximal tubule: 

• Glomerular filtration: all uric acid is freely filtered. 

• Tubular reabsorption: 9 8 %is reabsorbed. 

• Tubular secretion: 50%is secreted. 

• Postsecretory tubular reabsorption: 40%is reabsorbed. 

Therefore, about 10%ofthe filtered uric acid load is finally 
eliminated by the kidney. 

Uricosuric drugs such as salicylates and probenecid com- 
pete with uric acid for these transport mechanisms. They 
have a paradoxical effect because, depending on dosage, 
they may either decrease or increase the elimination of uric 
acid. It seems that the secretory mechanism is more sensi- 
tive to the blocking action of uricosuric drugs, so low doses 
block uric acid secretion only. Higher doses are able to block 
both mechanisms; therefore, as most uric acid is reabsorbed, 
the net result is increased elimination. Salicylates such as 
aspirin can completely antagonize the uricosuric action of 
probenecid. This interaction probably involves several mech- 
anisms, including competition for renal tubular transport. 

A-C, E, F These drugs are not contraindicated in a patient 
receiving probenecid. 

learning objective: Explain the mechanism of action of colchicine. 

12. C Colchicine can be used to stop an acute gout attack or, 
most often, for the prevention of further attacks, as in this 
case. The drug binds to the intracellular protein, tubulin, 
thereby preventing its polymerization into microtubules and 
thus blocking mitosis in metaphase. Cells with the highest 
rate of division are affected early. Granulocyte migration into 
the inflamed area and phagocytosis of urate crystals by 
macrophages are inhibited, thus relieving the pain and in- 
flammation of gouty arthritis. These actions are specific, and 
the drug is devoid of general analgesic or antiinflammatory 
effects. 

A, B, F These drugs are effective in gouty arthritis but have 
different mechanisms of actions. 

D, E These drugs can decrease the risk of gout attacks by 
decreasing the urate pool, not by inhibiting tubulin poly- 
merization. 

learning objective: Outline the use of hydroxychloroquine in the 
treatment of systemic lupus erythematosus (SEE). 

13. D The pharmacotherapy of SLE includes nonsteroidal anti- 
inflammatory drugs (NSAIDs), antimalarials, immunosup- 
pressants, and glucocorticoids. Antimalarials such as hy- 
droxychloroquine are especially effective when the disease 
is mild and skin manifestations are prominent, as in this 


case. This drug has been shown to prevent relapses and to 
reduce morbidity and mortality. The mechanism of action 
of hydroxychloroquine is still unclear but is likely related to 
its antiinflammatory properties. A combination of an anti- 
malarial and an NSAID is sometimes used in mild cases. 
However, a combination of glucocorticoids and immunosup- 
pressive drugs is a first-line pharmacotherapy for treatment 
of severe SLE. 

A, B Because the patient was already receiving an NSAID, 
adding another drug of the same class would be irrational. 

C, E, F Antibiotics are of no value, unless an infection 
supervenes. 

Learning objective: Outline the use of etanercept in rheumatoid 
arthritis. 

14. CThe patient’s signs and symptoms indicate that she was 
most likely suffering from rheumatoid arthritis. When 
nonsteroidal antiinflammatory drugs (NSAIDs) are poorly 
effective and/or poorly tolerated, pharmacotherapy with 
disease-modifying antirheumatic drugs (DMARDs) is indi- 
cated. Methotrexate is the initial DMARD of choice for most 
patients because of its efficacy and relatively rapid onset of 
action. However, it can have dose-related hepatotoxicity and 
therefore is relatively contraindicated in this patient because 
of the presence of active hepatitis. Etanercept, a tumor ne- 
crosis factor-a antagonist approved for the treatment of 
rheumatoid arthritis, would be appropriate in this case. 

A See correct answer explanation. 

B Aspirin is associated with a higher incidence of gastro- 
intestinal bleeding than other NSAIDs and is no longer 
commonly used for the treatment of rheumatoid arthritis. 
Moreover, in this patient, ibuprofen was not effective and 
poorly tolerated. 

D-F Antibiotics are not currently used in the treatment of 
rheumatoid arthritis, but minocycline seems to be a useful 
adjunctive agent in some cases. The successful use of this 
drug supports the speculation that rheumatoid arthritis may 
have an infectious component. 

Learning objective: Identify the drug that consists of the extra- 
cellular portion of two tumor necrosis factor (TNF) receptor 
moieties. 

15. B Combination therapy with disease-modifying antirheu- 
matic drugs (DMARDs) is currently a well-accepted approach 
because it has been shown that many DMARDS, when added 
to methotrexate, show improved efficacy. Etanercept is a re- 
combinant fusion protein consisting of two portions of the 
extracellular domain of the TNF-a receptor linked to a por- 
tion ofhuman immunoglobulin G r The drug binds with high 
affinity to TNF-a molecules. 

A, C-E All of these drugs can be effective in rheumatoid 
arthritis, but they have different chemical structures. 




learning objective: Identify the drug used in the therapy of famil- 
ial Mediterranean fever. 

16. EThe patient’s history, symptoms, and lab tests suggest she 
was most likely suffering from familial Mediterranean fever, 
an inherited autosomal recessive disorder characterized by 
recurrent fever and serositis (mainly peritonitis but also 
pleuritis, arthritis, and pericarditis). Because of the chronic 
inflammatory process, these patients have a high incidence 
of amyloidosis and renal failure due to perivascular deposi- 
tion of serum amyloid A protein. The use of colchicine has 
been associated with a dramatic reduction in the incidence 
of these complications. In fact, prophylactic colchicine pro- 
vides complete remission or distinct improvement in about 
85%of patients. The mechanism of this effect is still uncer- 
tain but is likely related to the antiinflammatory properties 
of the drug. 

A-D These drugs are not effective in familial Mediterra- 
nean fever. 

Learning objective: Identify the two endogenous compounds that 
are increased after a few days of therapy with allopurinol. 

17. B By inhibiting the enzyme xanthine oxidase, allopurinol in- 
hibits the transformation of hypoxanthine into xanthine and 
of xanthine into uric acid. Therefore, the plasma level of uric 
acid will decrease with a small, concomitant rise of hypox- 
anthine and xanthine. 

A, C-E See correct answer explanation. 

Learning objective: Identify the drug able to decrease uric acid in 
both serum and urine. 

18. D Be cause the patient’s urate levels are decreased after ther- 
apy both in serum and in urine, the drug must have de- 
creased the formation of uric acid. Allopurinol inhibits the 
conversion ofhypoxanthine to xanthine and xanthine to uric 
acid, thus decreasing uric acid formation. 

AProbenecid increases the renal excretion of uric acid and 
would have decreased uric acid in plasma but would have 
increased uric acid in the urine. 

B Aspirin would have decreased uric acid secretion at low/ 
intermediate doses (causing hyperuricemia) and would have 
increased secretion at high doses (causing uricosuria). 

CFurosemide can cause hyperuricemia. 

E, F These drugs have negligible effects on uric acid 
secretion. 


Learning objective: Outline the use of methotrexate in rheuma- 
toid arthritis. 

19. C Methotrexate is currently a first-line treatment for most 
patients with rheumatoid arthritis because ofits high rate of 
response, relatively rapid onset of action (1 to 2 months), and 
long sustained efficacy. Moreover, it has been shown that the 
drug can enhance the action of some other disease-modifying 
antirheumatic drugs (DMARDs), including hydroxychloro- 
quine, so it would be an appropriate drug to add to the ongo- 
ing therapy in this case. 

A, B The patient was already receiving a nonsteroidal anti- 
inflammatory drug, so the addition of another drug of the 
same class would be of little value. 

D Fentanyl is a powerful opioid drug. Opioid analgesics 
are used in rheumatoid arthritis only exceptionally, on an 
as-needed basis, when the pain is excruciating. 

E, F Some antidepressants, such as amitriptyline, and some 
anticonvulsants, such as carbamazepine, are often effective 
in cases of neuropathic pain, but not for treatment of noci- 
ceptive pain such as occurs in rheumatoid arthritis. 

Learning objective: Describe the adverse effects of hydroxy- 
chloroquine. 

20. A The patient’s signs and symptoms suggest he was most 
likely suffering from retinopathy, a rare adverse effect of 
hydroxychloroquine after long-term treatment. The drug 
is a disease-modifying antirheumatic drug (DMARD) used 
in rheumatoid arthritis, often in combination with other 
DMARD drugs. The drug has high affinity for pigmented 
(melanin-containing) structures and accumulates in the 
retina after long-term treatment. 

B-F All of these drugs can be used in rheumatoid arthritis, 
but they do not cause retinal damage. 
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YE! Chemotherapeutic Drugs 


Questions: VH-l Bacterial Cell Wall Synthesis Inhibitors 


Directions for questions 1-4 

Match each antibiotic drug with the appropriate description 
(each lettered option can be selected once, more than once, or not 
at all). 

A. Ampicillin 

B. Aztreonam 
C Cefepime 

D. Cefotaxime 

E. Cefotetan 

F. Ceftazidime 

G. Ceftriaxone 

H. Cloxacillin 

I. Ticarcillin 

J. Piperacillin 

K. Vancomycin 

Difficulty level: Easy 

1. Apenicillinase-resistant penicillin 

Difficulty level: Easy 

2. Apenicillin active against Klebsiella species 
Difficulty level: Easy 

3 . A third-generation cephalosporin active against Pseudomonas 
aeruginosa 

Difficulty level: Easy 

4 . This drug shows no cross-allergenicity with other (3-lactam 
antibiotics. 

Difficulty level: Easy 

5 . A 68-year-old man diagnosed with streptococcal pneumonia 
started treatment with a third-generation cephalosporin. 
Which of the following steps in the turnover of bacterial cell 
walls is specifically inhibited by this antibiotic? 

A. Autolysin-mediated breaking of peptidoglycan chains 

B. Elongation of linear amino sugar chains 

C Connection of two amino sugar chains by peptide bridges 

D. Synthesis ofV-acetylmuramic acid 

E. Linking of two amino sugars by a glycosidic bond 


Difficulty level: Easy 

6. A5 1 -year-old woman recently diagnosed with acute bacterial 
cystitis started an appropriate antibiotic treatment. The ad- 
ministered drug achieves therapeutic concentration in the 
urine because it is primarily eliminated by the kidney through 
active secretion in the proximal tubule. Which of the follow- 
ing drugs did the patient most likely take? 

A. Cephalexin 

B. Azithromycin 
C Metronidazole 

D. Tobramycin 

E. Tetracycline 

Difficulty level: Easy 

7 . A23-year-old woman complained to her physician of urinary 
frequency, pain upon urination, and a mucopurulent vaginal 
discharge. One year earlier, the patient had undergone an 
anaphylactic reaction to penicillin. A Gram stain of the exu- 
date revealed gram-negative cocci. Which of the following 
drugs would be contraindicated for this patient? 

A. Doxycycline 

B. Cip rofloxacin 
C Ceftriaxone 

D. Erythromycin 

E. Trimethoprim-sulfametoxazole 

Difficulty level: Medium 

8. A 32-year-old woman was seen at a clinic because of 2 days 
of headache with joint and muscle pain. Physical examination 
revealed nuchal rigidity and a petechial rash on the lower ex- 
tremities. AGram stain ofher spinal fluid showed many neu- 
trophils and many gram-negative, bean-shaped diplococci. 
Which of the following drugs would be most appropriate for 
the therapy of this patient? 

A. Tetracycline 

B. Penicillin G 
C Erythromycin 

D. Aztreonam 

E. Tobramycin 

F. Metronidazole 


400 


Difficulty level: Medium 

9 . A 30-year-old woman was in labor with her second child. 
Her first baby had contracted neonatal meningitis due to 
contamination with Streptococcus agalactiae during deliv- 
ery. To prevent recurrence of this infection in the second 
child, which of the following drugs would be most appropri- 
ate for treatment of both the mother and the baby? 

A. Levofloxacin 

B. Trimethoprim-sulfamethoxazole 
C Tetracycline 

D. Gentamicin 

E. Ampicillin 

Difficulty level: Medium 

10 . A 24-year-old woman came to the clinic with a sore throat 
and low-grade fever. Physical examination showed tonsil ex- 
udates and tender cervical adenopathy. A Gram stain of the 
tonsil exudate demonstrated the presence of a high number 
of bacteria. A diagnosis was made, and penicillin G was pre- 
scribed, as the physician knew that the most likely offending 
pathogen was sensitive to the antibiotic. Which of the fol- 
lowing bacteria did the physician most likely believe caused 
the patient’s infection? 

A. Pseudomonas aeruginosa 

B. Staphylococcus aureus 
C Clostridium difficile 

D. Streptococcus pyogenes 

E. Enterococcus faecalis 

F. Haemophilus influenzae 

G. Klebsiella pneumoniae 

Difficulty level: Medium 

11 . A 34-year-old man presented to the clinic with a painful 
ulcer on his penis. Regional lymph nodes were enlarged and 
painful. The man admitted to unprotected intercourse with 
a new partner while on a recent vacation. Darkfield micros- 
copy and an FTA-ABS (fluorescent treponemal antibody ab- 
sorption) test for syphilis were negative. AGram stain of pus 
revealed short gram-negative bacilli in parallel chains. Which 
of the following would be the most appropriate pharmaco- 
therapy for this patient? 

A. Vancomycin 

B. Nafcillin 

C Penicillin G 

D. Ceftriaxone 

E. Metronidazole 

Difficulty level: Hard 

12 . A 41-year-old woman collapsed at home and was brought 
to the emergency department. Her husband stated she had 
complained recently of severe abdominal cramping, nausea, 


vomiting, and diarrhea. Vital signs on admission were tem- 
perature 103°F (39.4°Q, pulse 134 bpm, blood pressure 85/52 
mm Hg, respirations 28/min. Physical examination showed a 
critically ill patient with an abdominal erythematous indu- 
rated area below the umbilicus and an 8-mm (0.31 -inch) 
central ulcer. A fluorescent antibody test of a specimen from 
the ulcer identified group A streptococci. Which of the fol- 
lowing pairs of drugs would be most appropriate for the 
emergency treatment of this patient? 

A. Penicillin G and clindamycin 

B. Tobramycin and metronidazole 

C Chloramphenicol and tetracycline 

D. Erythromycin and amikacin 

E. Piperacillin and aztreonam 

Difficulty level: Medium 

13 . A 54-year-old man was admitted to the hospital with fever 
(1 00.6 °F, 3 8.1 °C), night sweats, arthralgias, and 1 5 lb (6.8 kg) 
of unintentional weight loss. Past history was significant 
for rheumatic fever at the age of 9 and for dental surgery 
1 month ago. The symptoms started about 2 weeks after the 
dental procedure. Physical examination was significant for 
mitral regurgitation, subungual splinter hemorrhages, and 
hemorrhagic plaques on the soles of both feet. Three blood 
cultures were ordered, and an empiric therapy was started. 
Which of the following should be an appropriate treatment 
for the patient at this time? 

A. Ampicillin and erythromycin 

B. Piperacillin and chloramphenicol 
C Aztreonam and amikacin 

D. Penicillin Gand gentamicin 

E. Dicloxacillin and ciprofloxacin 

Difficulty level: Medium 

14 . A previously healthy 3-year-old child was admitted to the 
hospital with sore throat, fever, chills, painful swallowing, 
and dyspnea for the past 10 hours. Physical examination re- 
vealed a seriously ill patient with edematous erythema over 
the anterior neck, cervical lymph node enlargement, crack- 
les in the left lung base, and diffuse wheezing best heard as 
stridor over the neck. Sputum Gram stain showed numerous 
gram-negative coccobacilli. Adiagnosis of acute supraglotti- 
tis was made, and an emergency therapy was started. Which 
of the following drugs would be most appropriate for the 
patient’s disease? 

A. Dicloxacillin 

B. Penicillin G 
C Ceftriaxone 

D. Vancomycin 

E. Cefazolin 



Difficulty level: Medium 

15 . A 63-year-old homeless man was admitted to the hospital 
with fever, general malaise, and a swollen, painful leg. Phys- 
ical examination showed a man in obvious distress with the 
following vital signs: blood pressure 88/50 mm Hg, heart rate 
115 bpm, respirations 22/m in, temperature 1 03 .1 °F(39.5°C). 
His right leg had a large wound and appeared swollen with 
a “bronze” discoloration and crepitation of the tissue. A 
presumptive diagnosis was made. An empiric therapy was 
started that included extensive debridement of the wound 
and administration of a drug that was able to cure the infec- 
tion. The mechanism of action of the given drug most likely 
involved the inhibition of which of the following bacterial 
enzymes? 

A. Acetyl transferase 

B. Beta-lactamase 
C Transpeptidase 

D. Autolytic enzymes 

E. Transglycosylase 

Difficulty level: Medium 

16 . A 56-year-old farmer presented to the clinic with a small, 
flat, hard swelling under the oral mucosa that formed a fis- 
tula discharging yellow granules. One month earlier, he had 
several teeth extracted because of paradental abscesses. An- 
aerobic cultures of the biopsy material showed small, spi- 
dery colonies containing gram-positive, non-acid-fast rods 
and branching filaments. Adiagnosis was made, and an anti- 
biotic therapy was prescribed. Which of the following drugs 
would be most appropriate for this patient? 

A. Penicillin G 

B. Aztreonam 

C Metronidazole 

D. Gentamicin 

E. Ciprofloxacin 

Difficulty level: Easy 

17 . A 75-year-old man was admitted to the hospital for hip re- 
placement. Which of the following antibiotics would be an 
appropriate prophylactic agent to be given before surgery? 

A. Metronidazole 

B. Tetracycline 

C Sulfamethoxazole 

D. Aztreonam 

E. Cefazolin 

F. Erythromycin 


Difficulty level: Medium 

18 . An 8-year-old girl was brought to the clinic because of fever 
(101.5°F, 38.6°C) and extensive skin abrasions on the right 
leg. Her mother explained that the girl had fallen off her bi- 
cycle a few days earlier and suffered several abrasions. Phys- 
ical examination showed the skin of the right leg was hot, 
red, and edematous with a surface “peau d’orange” appear- 
ance. Regional lymphadenopathy was also present. A Gram 
stain from scrapings of the lesions showed the presence of 
a large number of gram-positive cocci. Which of the follow- 
ing drugs would be appropriate for the treatment of this 
patient? 

A. Piperacillin 

B. Aztreonam 
C Dicloxacillin 

D. Tetracycline 

E. Amikacin 

Difficulty level: Easy 

19 . A 55-year-old woman recently diagnosed with bacterial py- 
elonephritis started a treatment with a (3-lactam antibiotic 
that is resistant to most (3-lactamases. Which of the follow- 
ing drugs was most likely administered? 

A. Cephalexin 

B. Ampicillin 
C Piperacillin 

D. Ticarcillin 

E. Cefepime 

F. Cefazolin 

Difficulty level: Medium 

20 . A52-year-old man presented to his physician with an exten- 
sive skin rash on his trunk and limbs. The man had been suf- 
fering from non-Hodgkin lymphoma for 2 years. A few days 
earlier, he was diagnosed with acute bacterial pharyngitis 
and started on an antibiotic. The physician said the rash was 
most likely an allergic reaction to the antibiotic. Which of 
the following drugs most likely caused this reaction? 

A. Amikacin 

B. Amoxicillin 
C Doxycycline 

D. Vancomycin 

E. Sulfamethoxazole 

Difficulty level: Easy 

21 . A26-year-old man presented to the emergency department 
with sudden onset of fever (101. 1°F, 38.5°C), oliguria, and a 
skin rash. The man had been receiving systemic pharmaco- 
therapy for primary syphilis. Laboratory findings showed 
eosinophiluria and proteinuria. Further exams led to the 




diagnosis of drug-induced tubulointerstitial nephritis. Which 
of the following antibiotics most likely caused the patient’s 
disease? 

A. Penicillin G 

B. Cefepime 
G Rifampin 

D. Nafcillin 

E. Trimethoprim-sulfametoxazole 
Difficulty level: Medium 

22. A 73-year-old man diagnosed with pneumonia due to Pseu- 
domonas aeruginosa was started on piperacillin, but 2 days 
later, the disease was not improved, and the physician sus- 
pected that the infective organism was resistant to the drug. 
Which of the following was most likely the mechanism of 
bacterial resistance to this antibiotic? 

A. Increased affinity of penicillin-binding protein to the 
drug 

B. Inhibition of drug binding to the 50S subunit 

C Decreased permeability of the bacterial cell membrane 
to the drug 

D. Inhibition of the efflux pump of the bacteria cell 
membrane 

E. Increased production of autolytic enzymes 
Difficulty level: Medium 

23. A 70-year-old female resident in a nursing facility was ad- 
mitted to the hospital because of fever (101.4°F 38.6°C), 
diarrhea, and severe abdominal pain. Four days earlier, the 
patient had started antibiotic treatment because of acute 
tonsillitis due to (3-hemolytic streptococci. Physical exam- 
ination showed a critically ill patient with abdominal disten- 
tion and absent bowel sounds. Colonoscopy revealed diffuse 
ulcerations and exudative plaques lining the colonic mucosa. 
Which of the following antibiotics most likely caused the 
patient’s disease? 

A. Gentamicin 

B. Vancomycin 
C Rifampin 

D. Aztreonam 

E. Ampicillin 

Difficulty level: Easy 

24. A 34-year-old woman with no previous history of disease 
complained to her physician of burning on urination, bladder 
pain, and frequent urination of a small volume. A microor- 
ganism isolated from her urine grew on EMB (eosin methy- 
lene blue) agar, produced green colonies, was motile, and 
was urease-negative. A diagnosis of urinary tract infection 
was made, and antibiotic therapy was prescribed. Which of 


the following drugs would be appropriate for the patient’s 
disease? 

A. Erythromycin 

B. Clindamycin 
C Vancomycin 

D. Cephalexin 

E. Penicillin G 

Difficulty level: Hard 

25 . A32-year-old male heroin addict was admitted to the hos- 
pital with a 2-day history of fever, shaking chills, rigors, and 
night sweats. His vital signs were blood pressure 100/60 mm 
Hg, pulse 120 bpm, respirations 24/min, temperature 102.2°F 
(39°C). Two-dimensional echocardiography revealed three 
small vegetations on the tricuspid valve. Three blood cultures 
were drawn, and empiric therapy was initiated. The cultures 
turned out to be positive for Pseudomonas aeruginosa , with 
the following antibiotic susceptibilities: 


Drug 

Minimum Inhibitory 

Concentration 

Gentamicin 

16 pg/mL 

Tobramycin 

2 pg/mL 

Piperacillin 

64 pg/mL 

Ceftazidime 

4 pg/mL 

Imipenem 

2 pg/mL 


Surgical excision of the infected valve and a 6-week post- 
operative treatment were planned. Which of the following 
drug combinations would be most appropriate for the pa- 
tient at this time? 

A. Tobramycin and gentamicin 

B. Ceftazidime and tobramycin 
C Imipenem and gentamicin 

D. Ceftazidime and imipenem 

E. Piperacillin and tobramycin 

Difficulty level: Medium 

26 . A 22-year-old woman consulted her physician because of 
a postpartum breast infection. A Gram stain of the pus re- 
vealed gram-positive bacteria, and a susceptibility test showed 
resistance to all (3-lactam antibiotics. Which of the following 
bacteria was most likely the offending pathogen? 

A. Listeria monocytogenes 

B. Methicillin-resistant Staphylococcus aureus 
C Escherichia coli 

D. Streptococcus pyogenes 

E. Enterococcus faecalis 

F. Clostridium tetani 

G. Serratia marcescens 



Difficulty level: Easy 

27. A 4-year-old boy was brought to the pediatrician by his 
mother because ofrespiratory difficulties. Medical history of 
the boy was significant for recurrent pulmonary infections. 
A Gram stain of the sputum revealed gram-positive cocci in 
grapelike clusters. Which of the following drugs would be 
an appropriate empiric treatment at this early stage? 

A. Penicillin G 

B. Ampicillin 
C Piperacillin 

D. Dicloxacillin 

E. Amoxicillin 

Difficulty level: Medium 

28. A79-year-old female resident of a nursing facility complained 
of burning on urination and bladder pain. Microscopic ex- 
amination of urine sediment revealed many gram-positive 
bacteria, and a urine culture indicated Enterococcus faecalis 
as the sole causative agent. Which of the following pairs of 
drugs would be most appropriate for the treatment of this 
patient? 

A. Cefotetan and netilmicin 

B. Cefepime and amikacin 

C Penicillin G and erythromycin 

D. Ampicillin and tobramycin 

E. Aztreonam and gentamicin 

Difficulty level: Easy 

29. A 54-year-old woman presented to her physician complain- 
ing of vaginal itching and a thick, white vaginal discharge. One 
week earlier, the woman had started treatment with amoxi- 
cillin because of a skin infection. Subsequent exams led to 
the diagnosis of Candida vaginitis that the physician thought 
was a superinfection related to the amoxicillin treatment. 
Which of the following best explains why broad-spectrum 
penicillins can cause superinfections? 

A. Impairment of host immunologic defense 

B. Selection of viral-resistant mutants 
G Masking disease symptoms 

D. Impairment of normal microflora of the host 

E. Impairment of normal inflammatory reaction 

Difficulty level: Easy 

30 . A 65-year-old woman was admitted to the emergency de- 
partment with altered consciousness, fever, nausea, and vom- 
iting. Vital signs on admission were blood pressure 90/50 
mm Hg, pulse 115 bpm, respirations 20/min, temperature 
103. 6°F (39.8°C). Physical examination showed a patient in 
obvious distress with a stiff neck and positive Brudzinski 


sign. Pupils were equal, poorly reactive to light, and papill- 
edema was present. An empirical intravenous therapy was 
started with ampicillin, ceftriaxone, and vancomycin. Which 
of the following best explains the mechanism of action com- 
mon to all of the given drugs? 

A. Misreading of messenger RNAtemplate code 

B. Inhibition of tetrahydrofolate synthesis 
C Inhibition of RNA polymerization 

D. Blockade of peptidyl-transfer RNA translocation 

E. Inhibition of peptidoglycan synthesis 

Difficulty level: Easy 

31 . A 61-year-old woman with poor dentition was scheduled 
to have all of her remaining teeth extracted for subsequent 
fitting of dentures. Past medical history was significant for 
numerous infections of the oral cavity. The woman had been 
suffering from mitral stenosis with mild cardiac insufficiency 
for 5 years. Which of the following drugs would be the most 
appropriate agent to prescribe to this woman before and after 
the extraction? 

A. Amoxicillin 

B. Gentamicin 
C Aztreonam 

D. Piperacillin 

E. Metronidazole 

Difficulty level: Medium 

32 . A5-year-old boy was brought to the clinic by his mother be- 
cause of a localized, crusted lesion on his left leg. The mother 
reported that 3 days earlier, the boy had been bitten by his 
pet dog. A purulent discharge from the lesion was found to 
contain many small gram-negative coccobacilli. Which of the 
following correctly pairs the most likely offending pathogen 
with the appropriate treatment? 

A. Staphylococcus epidermidis: oxacillin 

B. Clostridium difficile: metronidazole 
C Klebsiella pneumoniae: vancomycin 

D. Serratia marcescens: erythromycin 

E. Pasteurella multocida: penicillin G 

Difficulty level: Easy 

33 . A 6-year-old boy presented to his pediatrician with fever 
(101.3°F, 38.5°C) and sharp pain in his left ear. On physical 
examination, the left tympanic membrane was red, opaque, 
and bulging. Amoxicillin was prescribed, but 3 days later, 
the symptoms were not reduced. The pediatrician decided to 
modify the therapy and prescribed amoxicillin/potassium 
clavulanate. Which of the following best explains the advan- 
tage of adding potassium clavulanate to amoxicillin? 




A. Inhibition of bacterial inactivation of amoxicillin 

B. Extended antibacterial spectrum against Pseudomonas 
aeruginosa 

C Inhibition of renal secretion of amoxicillin 

D. Increased amoxicillin entry into bacteria 

E. Decreased amoxicillin allergenicity 

Difficulty level: Easy 

34 . A 34-year-old man was admitted to the emergency depart- 
ment because of flushing, itching, nausea, sneezing, and ab- 
dominal cramps. Five days earlier, the patient was diagnosed 
with syphilis and started on antibiotic treatment. Vital signs 
on admission were blood pressure 98/56 mm Hg, pulse 125 
bpm, respirations 22/min. Physical examination showed a 
cyanotic patient with urticaria, angioedema, and wheezing. 
Which of the following antibiotics most likely caused the 
patient’s signs and symptoms? 

A. Azithromycin 

B. Doxycycline 
C Metronidazole 

D. Penicillin G 

E. Amikacin 

F. Clindamycin 

Difficulty level: Medium 

35 . A 57-year-old woman consulted her physician because of 
fever (101°F, 38.3°C), chills, nausea and vomiting, and pain 
in the upper right quadrant. Subsequent exams led to the 
diagnosis of acute cholecystitis. An appropriate therapy was 
started, including a cephalosporin that is primarily elimi- 
nated in the bile. Which of the following drugs was most 
likely administered? 

A. Ceftazidime 

B. Cefop erazone 
G Cefotetan 

D. Cefep ime 

E. Cephalothin 

Difficulty level: Easy 

36 . A 33-year-old man presented to the clinic because he had 
noticed a red, painless nodule on the glans of his penis 1 
week earlier. Three days after it appeared, the nodule be- 
came ulcerated, but only minimally painful. Physical exam- 
ination showed an ulcer with an indurated base that exuded 
clear serum. Darkfield microscopy from the exudate showed 
numerous slender spiral microorganisms that were actively 
motile. A diagnosis was made, and a suitable therapy was 
prescribed. Which of the following drugs would be most 
appropriate for this patient? 


A. Vancomycin 

B. Ciprofloxacin 
C Penicillin G 

D. Tobramycin 

E. Metronidazole 

F. Aztreonam 

Difficulty level: Medium 

37 . A 71-year-old diabetic man was admitted to the hospital 
with fever (101 .2°F, 38.4°C) and a throbbing foot pain for the 
past 10 hours. Physical examination revealed a putrid smell- 
ing, pus-filled ulcer on the right foot. Ametal probe inserted 
into the wound detected bone and a deep cavity. A Gram 
stain of the pus showed gram-positive cocci in chains, gram- 
negative diplococci, and gram-positive and -negative rods. 
Which of the following antibiotics would be most appropriate 
to give while blood and drainage cultures were processed? 

A. Amoxicillin/clavulanate 

B. Clindamycin 
C Linezolid 

D. Metronidazole 

E. Vancomycin 

Difficulty level: Medium 

38 . A53-year-old woman presented to the clinic complaining of 
3 weeks of night sweats, cough productive of foul-smelling 
sputum, and about 1 0 lb (4.5 kg) of weight loss. Physical ex- 
amination showed fever (101.3°F, 38.5°C), clear lung fields, 
and mild clubbing. Chest radiography showed a thick-walled 
abscess in the left lobe. Gram stain of the sputum revealed 
gram-negative rods, and aerobic cultures were negative. 
Which of the following correctly pairs the most likely caus- 
ative pathogen with the appropriate treatment? 

A. Legionella pneumophila: ampicillin 

B. Actinomyces israelii: gentamicin 
C Bacteroides fragilis: imipenem 

D. Streptococcus pneumoniae: aztreonam 

E. Listeria monocytogenes: ceftazidime 

Difficulty level: Easy 

39 . A 3 1-year-old woman recently diagnosed with acute ton- 
sillitis started a treatment with amoxicillin. Which of the 
following molecular actions most likely contributed to the 
therapeutic effect of the drug in the patient’s disease? 

A. Activation of autolytic enzymes in the bacterial cell wall 

B. Binding to the 30S bacterial ribosomal subunit 

C Activation of the efflux pump in bacterial cell membranes 

D. Inhibition of transglycosylase in the bacterial cell wall 

E. Inhibition of DNA-dependent RNApolymerase 



Difficulty level: Medium 

40 . A 76-year-old man complained to his physician of a foul- 
smelling secretion from his left ear for the past 2 weeks. Fur- 
ther exams led to the diagnosis of chronic otitis media, and 
cultures from fluid secretions indicated Bacteroides fragilis 
as the main causative agent. An appropriate antibiotic treat- 
ment was started. Four days later, blood results indicated 
a prothrombin time of 25 seconds (normal 10-14 seconds). 
Which of the following drugs most likely caused this lab 
result? 

A. Clindamycin 

B. Chloramphenicol 
C Imipenem 

D. Metronidazole 

E. Ciprofloxacin 

F. Cefotetan 

Difficulty level: Easy 

41 . A 74-year-old man was recently diagnosed with pneumonia 
due to Pseudomonas aeruginosa. Past history of the patient 
was significant for a severe allergic reaction to ampicillin. 
A treatment was started with a (3-lactam antibiotic that is 
highly resistant to (3-lactamases and is active only against 
most gram-negative aerobic bacteria. Which of the follow- 
ing drugs was most likely given? 

A. Imipenem 

B. Ceftazidime 
C Amoxicillin 

D. Aztreonam 

E. Cefepime 

Difficulty level: Easy 

42 . An 1 1 -year-old girl was taken to the clinic because of fever 
(1 02°F, 38.8°C), shortness ofbreath, and cough productive of 
purulent sputum. A chest radiograph showed several areas 
of infiltration with possible abscess formation. Coagulase- 
positive bacteria were cultured from the blood, and a sus- 
ceptibility test showed that they were methicillin-resistant. 
Treatment with vancomycin was started. Inhibition of which 
of the following molecular actions most likely mediated the 
therapeutic effect of the drug in the patient’s disease? 

A. Elongation of peptidoglycan 

B. Relaxation of supercoiled DNA 
C Binding to ribosomal RNA 

D. Translocation of peptidyl transfer RNA (tRNA) 

E. Activation of autolytic enzymes 


Difficulty level: Hard 

43 . A 7-year-old boy was admitted to the hospital with fever 
(102°F, 38.8°C) and joint pain in his knees and wrists. He had 
a history of a severe sore throat for 3 weeks. Vital signs on 
admission were blood pressure 122/80 mm Hg, heart rate 
110 bpm, respirations 24/min. Physical examination showed 
red, hot, and painful knees and a nonpruritic rash with dis- 
tinct disklike borders on his thighs and stomach. Subcutane- 
ous, painless nodules were present over the bone surface of 
his elbows and knees. Heart auscultation revealed a mitral 
valve regurgitation murmur. Pertinent lab results on ad- 
mission were erythrocyte sedimentation rate 80/h (normal 
< 10/h for children), antistreptolysin-0 titer 410 IU (normal 
<200 IU). Adiagnosis was made, and a suitable therapy was 
prescribed. Which of the following pairs of drugs would be 
most appropriate for the initial treatment of this patient? 

A. Penicillin G and naproxen 

B. Amoxicillin and erythromycin 
C Ceftriaxone and acetaminophen 

D. Tobramycin and aspirin 

E. Penicillin G and acetaminophen 

F. Amoxicillin and ceftriaxone 

Difficulty level: Medium 

44 . A 7-year-old girl was admitted to the emergency depart- 
ment with fever (101 .8°F, 38.8°C) and a productive cough of 
thick, greenish sputum. Her medical history was significant 
for cystic fibrosis and several episodes of pneumonia over 
the past 3 years. Gram stain of the sputum revealed gram- 
negative rods. Growth ofbacteria on agar culture exhibited a 
blue-green pigment. Which of the following (3-lactam drugs 
would be appropriate to include in the therapeutic regimen 
of this patient? 

A. Piperacillin 

B. Cephalothin 
C Amoxicillin 

D. Clavulanic acid 

E. Oxacillin 

F. Penicillin G 

Difficulty level: Medium 

45 . A32-year-old man recently diagnosed with cellulitis caused 
by Streptococcus pyogenes started a treatment with ampicil- 
lin. The drug acts by binding to penicillin-binding proteins. 
Which of the following molecular actions is catalyzed by 
penicillin-binding proteins? 

A. Transport of penicillins through porin channels 

B. Transpeptidation reaction 

C Breakdown of the (3-lactam ring 

D. Inhibition ofmurein hydrolases 

E. Binding of penicillins to the peptidoglycan layer 



Difficulty level: Medium 

46 . A 64-year-old homeless man was taken to the emergency 
department because of chills, fever, nausea and vomiting, 
and a laceration in his left harm. Vital signs on admission 
were blood pressure 100/52 mm Hg, pulse 124 bpm, respira- 
tions 32/min, temperature (102.2°F, 39°C). Physical examina- 
tion showed a critically ill patient with an infected wound, 
and microbiological tests from a wound specimen showed 
vancomycin-resistant Staphylococcus aureus. Emergency ther- 
apy was started. Which of the following drugs would be ap- 
propriate for this patient? 

A. Cephalexin 

B. Tobramycin 
C Aztreonam 

D. Daptomycin 

E. Imipenem 

F. Gentamicin 

Difficulty level: Medium 

47 . A49-year-old man hospitalized for bacterial endocarditis had 
been receiving a treatment with two drugs given intrave- 
nously. One week into therapy, a routine urinalysis showed 
albuminuria, microscopic hematuria, and hyaline casts. Which 
of the following pairs of drugs most likely caused these 
findings? 

A. Ampicillin and cephalexin 

B. Amikacin and tobramycin 

C Erythromycin and tobramycin 

D. Vancomycin and gentamicin 

E. Aztreonam and erythromycin 

Difficulty level: Easy 

48 . A 42-year-old man hospitalized for staphylococcal en- 
docarditis developed hypotension, tachycardia, generalized 
pruritus, and facial flushing 15 minutes after receiving an 
intravenous injection of an antibiotic. Which of the follow- 
ing drugs most likely caused the patient’s syndrome? 


A. Imipenem 

B. Vancomycin 
C Cefazolin 

D. Oxacillin 

E. Ampicillin 

F. Cefepime 

Difficulty level: Easy 

49 . A 49-year-old woman recently diagnosed with an uncom- 
plicated urinary tract infection started a treatment with 
an antibiotic that impairs cell wall synthesis by inhibiting 
enolpyruvate transferase. Which of the following drugs has 
this mechanism of action? 

A. Cephalothin 

B. Vancomycin 
C Aztreonam 

D. Fosfomycin 

E. Imipenem 

Difficulty level: Medium 

50 . A 53-year-old woman hospitalized for resection of breast 
carcinoma presented with fever (103.8°F, 39.4 °C), cough, 
dyspnea, and viscid, currant jelly-like sputum 3 days after 
surgery. A Gram stain showed numerous gram-negative 
bacilli with large capsules. Achest radiograph showed dense 
right upper field infiltrates. A diagnosis of nosocomial pneu- 
monia was made. Which of the following pairs of antibiotics 
would be most appropriate for the emergency therapy of 
this patient? 

A. Vancomycin and oxacillin 

B. Erythromycin and nafcillin 
C Cefoxitin and tobramycin 

D. Penicillin Gand gentamicin 

E. Tetracycline and sulfametoxazole 



Questions: VIH-2 Bacterial Protein Synthesis Inhibitors 


Directions for questions 1-5 

Match each antibiotic drug with the appropriate description 
(each lettered option can be selected once, more than once, or 


not at all). 

A. 

Amikacin 

B. 

Azithromycin 

C 

Chloramphenicol 

D. 

Clindamycin 

E. 

Demeclocycline 

F. 

Doxycycline 

G. 

Erythromycin 

H. 

Gentamicin 

I. 

Linezolid 

J 

Neomycin 

K. 

Spectinomycin 

L 

Streptomycin 

M. 

Paromomycin 

N. 

Tetracycline 

O. 

Tigecycline 


Difficulty level: Easy 

1. Aglycylcycline antibiotic active against vancomycin-resistant 
staphylococci 

Difficulty level: Easy 

2. An aminoglycoside antibiotic active against amebiasis and 
giardiasis 

Difficulty level: Easy 

3. A macrolide antibiotic with a very long half-life (about 40 
hours) 

Difficulty level: Easy 

4 . A tetracycline antibiotic sometimes used in syndrome of in- 
appropriate antidiuretic hormone secretion (SIADH) 

Difficulty level: Easy 

5 . An aminoglycoside antibiotic sometimes used in hepatic en- 
cephalopathy 

Difficulty level: Easy 

6. A45-year-old diabetic woman complained to her physician of 
pain in her right ear for the past 5 hours. Further exams led to 
the diagnosis of external otitis, and later the culture of ear 
exudate showed Pseudomonas aeruginosa as the main offend- 
ing pathogen. The patient was given an antibiotic that causes 
misreading of the bacterial messenger RNA template leading 
to the production of aberrant bacterial proteins. Which of the 
following drugs was most likely administered? 


A. Piperacillin 

B. Ceftazidime 
C Imipenem 

D. Aztreonam 

E. Gentamicin 

Difficulty level: Easy 

7. A 69-year-old man recently diagnosed with a Proteus mira- 
bilis infection started treatment with a daily intramuscular 
injection of gentamicin. Which of the following pairs of 
properties best explains why the drug is usually adminis- 
tered once daily despite the short half-life of gentamicin 
(about 2 hours)? 

A. Time-dependent killing and bactericidal effect 

B. Extensive plasma protein binding and bactericidal effect 
C Concentration-dependent killing and bacteriostatic effect 

D. Concentration-dependent killing and long postantibiotic 
effect 

E. Time-dependent killing and long postantibiotic effect 
Difficulty level: Easy 

8. A 3-year-old girl developed whooping cough. Parents and 
other close contacts of the patient should receive a 10-day 
course of which of the following drugs? 

A. Tetracycline 

B. Chloramphenicol 
C Erythromycin 

D. Ciprofloxacin 

E. Ceftriaxone 

F. Ampicillin 

Difficulty level: Easy 

9 . A 60-year-old man recently diagnosed with carcinoma of 
the colon was admitted to the hospital for colectomy. Which 
of the following drugs would be appropriate to be included 
in the oral prophylactic treatment of this patient to prevent 
surgical infection? 

A. Streptomycin 

B. Penicillin G 
C Trimethoprim 

D. Neomycin 

E. Cephalothin 

F. Vancomycin 

Difficulty level: Medium 

10 . A 45-year-old farmer presented to the clinic with fever 
(103.2°F, 39.5°C), chills, headache, and a dry cough. Chest 
x-ray showed extensive nodular infiltrates radiating from 
the hilum. History revealed that the man raised chickens and 




that approximately 2 weeks ago he had lost a large number 
of them to an undiagnosed disease. The presumptive diag- 
nosis ofpneumonia was made, and an appropriate drug was 
prescribed. Which of the following correctly pairs the most 
likely offending pathogen with the appropriate treatment? 

A. Mycobacterium tuberculosis: ceftazidime 

B. Chlamydia pneumoniae: metronidazole 
C Mycoplasma pneumoniae: piperacillin 

D. Chlamydia trachomatis: gentamicin 

E. Chlamydia psittaci: doxycycline 

Difficulty level: Easy 

11 . A 54-year-old man suffering from chronic renal insufficiency 
was about to receive gentamicin and piperacillin for sepsis, 
apparently due to gram-negative bacteria. The patient’s 
creatinine clearance was about one half the normal value. 
The physician chose to change the dosage of gentamicin and 
maintain the normal dosing interval. Assuming that the usual 
gentamicin dose for sepsis is 100 mg every 8 hours, which of 
the following (in milligrams) would be an appropriate initial 
dose of gentamicin for this patient? 

A. 110 

B. 75 
C 200 

D. 50 

E. 150 

F. 33 

Difficulty level: Medium 

12 . A5 1-year-old woman was admitted to the hospital with fever 
(102.7°F, 39.3°C), shaking chills, nausea and vomiting, flank 
pain, and hematuria. She had been suffering from chronic 
urinary tract infections for 1 year and from type II diabetes 
for 1 0 years. Further tests led to the diagnosis of acute pyelo- 
nephritis due to Pseudomonas aeruginosa. Which of the fol- 
lowing pairs of drugs would be appropriate for this patient? 

A. Piperacillin and tobramycin 

B. Ampicillin and gentamicin 
C Imipenem and erythromycin 

D. Cephalothin and amikacin 

E. Ampicillin and doxycycline 

Difficulty level: Easy 

13 . A 66-year-old woman complained to her physician of uri- 
nary urgency and burning pain during urination. A urine 
culture revealed that Escherichia coli was the offending or- 
ganism, and a susceptibility test showed that the bacterium 
was resistant to aminoglycoside antibiotics. Which of the 
following mechanisms can account for the bacterial resis- 
tance to aminoglycosides? 


A. Plasmid-mediated production of bacterial transferases 

B. Decreased affinity of the drug for the 50S ribosomal 
subunit 

C Development of an active efflux pump 

D. Mutation-induced change of bacterial peroxidase 

E. Mutation-induced change of bacterial topoisomerases 

Difficulty level: Medium 

14 . A60-year-old man presented with fever (102°F, 38.9°C), gen- 
eral malaise, and tachypnea. The man had been hospitalized 
for the past 4 days for evaluation of stage C cardiac failure. 
Medical therapy on admission included furosemide, losar- 
tan, aspirin, and atenolol. Further tests led to the diagnosis 
of nosocomial pneumonia due to Pseudomonas aeruginosa, 
and a therapy with ceftazidime and amikacin was started. 
Because of his current cardiac therapy, the patient was at 
increased risk of which of the following adverse effects of 
amikacin? 

A. Superinfections 

B. Nephrotoxicity 

C Neuromuscular blockade 

D. Ototoxicity 

E. Peripheral neuritis 

F. Optic nerve dysfunction 

Difficulty level: Medium 

15 . A 62-year-old man complained to his physician of burning 
on urination and bladder pain. The man was wearing a per- 
manent urinary catheter because of inoperable prostate hy- 
perplasia. A urine culture was ordered, and a susceptibility 
test gave the following results: 


Organism 

Ticarcillin 

Amikacin 

Ceftazidime 

Qprof oxacin 

TMP- 

SMX 

Escherichia 

coli 

S 

S 

I 

S 

S 

Klebsiella 

pneumoniae 

R 

s 

S 

I 

s 

Pseudomonas 

aeruginosa 

S 

s 

S 

s 

R 

Proteus 

vulgaris 

S 

I 

I 

I 

R 


Abbreviations: \ intermediate; R, resistant; S, susceptible; TMP-SMX, 
trimethoprim-sulfametoxazole. 


Which of the following drugs would be most appropriate for 
this patient? 

A. Ticarcillin 

B. Amikacin 
C Ceftazidime 

D. Ciprofloxacin 

E. Trimethoprim-sulfametoxazole 




Difficulty level: Medium 

16 . A 72-year-old female resident of a nursing facility was ad- 
mitted to the hospital because of steadily declining urine 
output over the past 3 days. The woman had been receiv- 
ing an antibiotic for 2 weeks to treat a urinary tract infec- 
tion apparently due to Pseudomonas aeruginosa. Aurinalysis 
showed albuminuria, hematuria, and hyaline casts. Which 
of the following drugs most likely caused the patient’s 
disorder? 

A. Piperacillin 

B. Tobramycin 
C Aztreonam 

D. Vancomycin 

E. Rifampin 

Difficulty level: Hard 

17 . A 35-year-old man presented with fever (101°F, 38.3°C), 
cough, and dyspnea. The man was hospitalized 1 week ago 
because he was found to be HIV positive, but no antiviral 
therapy had been initiated yet. Further exams led to the di- 
agnosis of pneumonia, and 10 days of gentamicin therapy 
was able to cure the disease. Which of the following micro- 
organisms was most likely the cause of the patient’s acute 
illness? 

A. Clostridium difficile 

B. Mycoplasma pneumoniae 
C Bacteroides fragilis 

D. Borrelia recurrentis 

E. Enterobacter aerogenes 

F. Legionella pneumophila 

Difficulty level: Easy 

18 . A 45-year-old woman was diagnosed with a urinary tract 
infection due to gram-negative rods. The woman had been 
suffering from myasthenia gravis for 5 years. Which of the 
following antibiotics would be relatively contraindicated in 
this patient? 

A. Ceftriaxone 

B. Aztreonam 

G Erythromycin 

D. Ciprofloxacin 

E. Tobramycin 

F. Cefepime 


Difficulty level: Medium 

19 . A 15-year-old girl was admitted to the hospital because of 
fever (103.2°F, 39.5°C) and severe pain in her left leg. A bone 
scan showed inflammation in her left distal femur. Two 
blood cultures were positive for Staphylococcus aureus, and 
susceptibility testing showed that the bacterium was meth- 
icillin- and vancomycin-resistant. Therapy was started with 
an antibiotic that binds to the 23S portion of the 50S ribo- 
somal subunit and inhibits the formation of the initiation 
complex. Which of the following drugs was most likely given? 

A. Tetracycline 

B. Erythromycin 
C Imipenem 

D. Gentamicin 

E. Linezolid 

F. Tigecycline 

Difficulty level: Easy 

20 . A 70-year-old woman complained to her physician of head- 
ache, nausea and vomiting, vertigo, tinnitus, and progressive 
loss of hearing. The woman had been receiving an antibiotic 
for 2 weeks to treat a urinary tract infection apparently due 
to Serratia marcescens. The drug used was most likely a 
member of which of the following antibiotic classes? 

A. Macrolides 

B. Tetracyclines 
C Cephalosporins 

D. Sulfonamides 

E. Aminoglycosides 

Difficulty level: Easy 

21 . A 14-year-old girl diagnosed with a respiratory tract infec- 
tion started treatment with erythromycin. Which of the 
following molecular actions on bacterial cells most likely 
mediated the therapeutic effect of the drug in the patient’s 
disease? 

A. Inhibition of DNA-dependent RNApolymerase 

B. Inhibition ofDNAgyrase 

C Production of aberrant bacterial proteins 

D. Blockade of translocation reaction 

E. Blockade of transfer RNA (tRNA) binding to the ribosome 
Difficulty level: Easy 


22. A 48-year-old-woman complained to her physician of fever 
(103. 5 °F, 39.7°C), nausea, vomiting, and bloody diarrhea for 
the past 3 days. Further exams identified the most likely of- 
fending pathogen, and a therapy with azithromycin was able 
to eliminate the diarrhea. Which of the following bacteria 
most likely caused the patient’s disease? 



A. Escherichia coli 

B. Campylobacter jejuni 
C Shigella dysenteriae 

D. Salmonella enter itidis 

E. Clostridium difficile 

F. Entamoeba histolytica 

Difficulty level: Easy 

23 . A 17-year-old girl complained to her physician of watery 
diarrhea. Three days ago, she was diagnosed with strepto- 
coccal pharyngitis, and treatment with erythromycin was 
started. Which of the following best explains the most likely 
reason for this adverse effect of erythromycin? 

A. Killing most bacteria of intestinal flora 

B. Activation of motilin receptors in the gut 

C Inhibition of water reabsorption by colonic mucosa 

D. Antibiotic-induced acute cholestatic hepatitis 

E. Allergic reaction to erythromycin 

Difficulty level: Medium 

24 . A 23-year-old woman complained to her physician of pain 
during urination and a mucoid-like vaginal discharge that 
started about 14 days after her last intercourse. AGram stain 
ofthe exudate revealed gram-negative cocci. Treatment with 
ceftriaxone was prescribed. Which of the following drugs 
would be appropriate to add to the patient’s regimen? 

A. Ceftriaxone 

B. Imipenem 

C Azithromycin 

D. Aztreonam 

E. Amikacin 

F. Vancomycin 

Difficulty level: Medium 

25 . A 68-year-old man hospitalized because of advanced renal 
insufficiency was found to have pneumonia due to Pseudo- 
monas aeruginosa. An appropriate antibiotic treatment was 
planned, but the dose of the drug was reduced because its 
half-life can be 20 to 40 times longer in patients with kid- 
ney failure. Which of the following drugs was most likely 
prescribed? 

A. Cefoperazone 

B. Amikacin 

C Erythromycin 

D. Clindamycin 

E. Metronidazole 

F. Vancomycin 


Difficulty level: Medium 

26 . A 15-day-old baby boy was admitted to the pediatric ward 
with mucopurulent ocular discharge, edema of the eyelids, 
and peudomembrane formation. A Gram stain of the exu- 
date revealed no microorganisms, but a Giemsa stain showed 
cells with cytoplasmic inclusions. Both topical and systemic 
treatments were prescribed. Which of the following drugs 
was most likely administered? 

A. Tetracycline 

B. Ampicillin 

C Ciprofloxacin 

D. Trimethoprim-sulfamethoxazole 

E. Erythromycin 

F. Tobramycin 

Difficulty level: Easy 

27 . A 65-year-old man complained to his physician of nervous- 
ness, insomnia, and palpitations. The man had been suffer- 
ing from chronic obstructive pulmonary disease for several 
years and had been receiving therapy that included theoph- 
ylline. Afew days earlier, he had been diagnosed with strep- 
tococcal pharyngitis and started an appropriate treatment. 
The physician thought that the patient’s symptoms were 
most likely due to an antibiotic-theophylline interaction. 
Which of the following antibiotics was most likely respon- 
sible for this interaction? 

A. Penicillin G 

B. Streptomycin 
C Doxycycline 

D. Ceftriaxone 

E. Erythromycin 

F. Rifampin 

Difficulty level: Medium 

28 . A63-year-old alcoholic man presented to the emergency de- 
partment with fever (102.2°F, 39°C), chest pain, and a cough 
producing mucoid sputum. Physical examination revealed a 
man in obvious distress with the following vital signs: blood 
pressure 140/85 mm Hg, pulse 55 bpm, respirations 22/min. 
Sputum culture showed gram-negative rods able to grow 
only on charcoal yeast extract agar. Which of the following 
antibiotics would be most appropriate for this patient? 

A. Streptomycin 

B. Penicillin G 
C Azithromycin 

D. Vancomycin 

E. Gentamicin 

F. Metronidazole 



Difficulty level: Easy 

29. A 53-year-old man was admitted to the hospital with the 
admitting diagnosis of pneumonia. Further exams indicated 
that the pneumonia was due to Mycoplasma pneumonia, and 
treatment with an appropriate bacteriostatic antibiotic was 
started. The given drug most likely belonged to which of the 
following classes? 

A. Cephalosporins 

B. Aminoglycosides 
C Macrolides 

D. Carbapenems 

E. Penicillins 

F. Fluoroquinolones 

Difficulty level: Medium 

30. A 48-year-old woman was hospitalized with the admitting 
diagnosis ofpolymorphic ventricular tachycardia. The woman 
had been suffering from depression and had been on ami- 
triptyline for 3 months. Three days earlier, she complained 
of fever and sore throat and was started on antibiotics. 
Which of the following antibiotics most likely triggered the 
patient’s tachycardia? 

A. Vancomycin 

B. Erythromycin 
C Gentamicin 

D. Ceftriaxone 

E. Ampicillin 

F. Sulfametoxazole 

Difficulty level: Medium 

31. A 3-year-old boy was brought to the pediatrician’s office by 
his mother because of a low-grade fever and a painful, en- 
larged inguinal lymph node. On questioning, the mother 
stated that the boy was scratched on his right leg by his pet 
cat 1 week earlier. A Gram stain of pus aspirated from the 
lymph node revealed many small, gram-negative rods. Which 
of the following correctly pairs the most likely offending 
pathogen with the appropriate treatment? 

A. Enterococcus faecalis: vancomycin 

B. Clostridium difficile: metronidazole 
C Bartonella enselae: erythromycin 

D. Bacteroides fragilis: tobramycin 

E. Actinomyces israelii: penicillin G 


Difficulty level: Medium 

32. A 73-year-old man presented with fever (101. 9°F, 38.8°C) 
and pain in the perineum and left buttock. Four days earlier, 
the man had undergone bowel surgery for colon cancer, 
which was complicated by escape of bowel contents into the 
peritoneal cavity. Medical history of the patient was signif- 
icant for allergic reactions to several antibiotics, including 
penicillins and metronidazole. Further exams led to the di- 
agnosis of acute peritonitis. The patient’s illness responded 
to an empiric emergency treatment that included parenteral 
administration of clindamycin. Which of the following micro- 
organisms was most likely the main cause of the patient’s 
infection? 

A. Legionella pneumophila 

B. Klebsiella pneumoniae 
C Bacteroides fragilis 

D. Enterobacter aerogenes 

E. Proteus m irabilis 

F. Enterococcus faecalis 

Difficulty level: Medium 

33. A 34-year-old pregnant woman developed severe pharyngi- 
tis that turned out to be due to Streptococcus pyogenes. Past 
history of the patient was significant for an anaphylactic 
reaction to ampicillin. Which of the following antibiotics 
would be most appropriate for this patient? 

A. Ceftriaxone 

B. Ceftazidime 
C Imipenem 

D. Erythromycin 

E. Doxycycline 

F. Aztreonam 

Difficulty level: Medium 

34. A 58-year-old woman complained to her physician of bruis- 
ing and nose bleeds. The woman, diagnosed with atrial fibril- 
lation, had been taking warfarin for 1 year. One week earlier, 
she was diagnosed with mycoplasmal pneumonia and was 
started on antibiotic therapy. Which of the following drugs 
most likely mediated the patient’s bleeding? 

A. Amoxicillin 

B. Erythromycin 
C Amikacin 

D. Vancomycin 

E. Piperacillin 

F. Ceftriaxone 



Difficulty level: Easy 

35 . A 23-year-old man complained to his physician of a severe 
sore throat and fever. Because the man was allergic to peni- 
cillin, erythromycin was prescribed, but 3 days later, the 
clinical picture was not improved. The physician changed 
the antibiotic because he suspected bacterial resistance to 
erythromycin. Which of the following mechanisms can ac- 
count for resistance to macrolides? 

A. Inhibition of the multidrug efflux pump 

B. Production of drug-inactivating RNApolymerases 

C Alteration of the ribosomal binding site that prevents 
drug binding 

D. Production of drug-inactivating glucuronosyl transferases 

E. Inhibition ofmethylase enzymes that activate the drug 

Difficulty level: Easy 

36 . A 49-year-old woman on vacation in the south of Italy pre- 
sented with fever, headache, and a small, buttonlike skin 
ulcer, 5 mm (about 0.2 inch) in diameter, with a black center. 
The diagnosis ofMediterranean spotted fever was made, and 
the woman was prescribed doxycycline. Which of the fol- 
lowing molecular actions most likely mediated the thera- 
peutic effect of the drug in the patient‘s disease? 

A. Inhibition of DNA-dependent RNApolymerase 

B. Blockade of the formation of ribosomal initiation complex 
C Blockade of transpeptidation reaction 

D. Blockade of binding of aminoacyl-transfer RNA (tRNA) 
to bacterial ribosomes 

E. Inhibition of transpeptidase enzymes 

Difficulty level: Medium 

37 . A34-year-old woman presented to the clinic with mild fever 
(99.5°F, 37.5°C), fatigue, muscle and joint pain, and multiple 
red rashes with a clear center. She reported that 10 days 
ago she was bitten on the arm by a tiny tick. A circular skin 
lesion started at the bite site, expanded to 15 cm (about 6 
inches) or so, and was followed by multiple, painless rashes. 
Physical examination confirmed the diagnosis of erythema 
migrans. Which of the following drugs would be appropriate 
for the patient at this stage? 

A. Gentamicin 

B. Metronidazole 
C Linezolid 

D. Doxycycline 

E. Vancomycin 


Difficulty level: Medium 

38 . A 30-year-old man was admitted to the hospital with fever 
(103°F, 39.4°C), chills, tachycardia, vomiting, and muscle 
pain. He had the same symptoms 10 days earlier, just after 
a camping trip near the United States-Mexico border. The 
fever remained high for 3 days, then cleared abruptly. Athick 
blood smear with Giemsa stain revealed many threadlike 
bacteria with large, irregular coils. Which of the following 
correctly pairs the most likely disease with the appropriate 
treatment? 

A. Syphilis: streptomycin 

B. Brucellosis: streptomycin 

C Rocky Mountain spotted fever: doxycycline 

D. Relapsing fever: doxycycline 

E. Psittacosis: piperacillin 

F. Histoplasmosis: ampicillin 

Difficulty level: Easy 

39 . A 32-year-old woman on a vacation trip in East Asia was di- 
agnosed with acute conjunctivitis. A topical treatment with 
chloramphenicol was able to completely heal the disease. 
Which of the following molecular actions most likely me- 
diated the therapeutic efficacy of the drug in the patient’s 
disease? 

A. Inhibition of cross-linking of linear peptidoglycan chains 

B. Blockade of the transpeptidation reaction of protein 
synthesis 

C Inhibition of relaxation of supercoiled bacterial DNA 

D. Inhibition of ergosterol synthesis in the bacterial cell 
membrane 

E. Misreading of the messenger RNA (mRNA) template in 
the ribosomal subunit 

Difficulty level: Medium 

40 . An 1168-g (2.57-lb) preterm male born to a febrile mother 
presented with respiratory distress a few hours after the 
delivery. Physical examination and lab results suggested 
neonatal sepsis, and an empirical antibiotic therapy was in- 
stituted. Later, blood cultures indicated Listeria monocyto- 
genes as the offending organism. Which of the following 
drugs would be most appropriate to administer in combina- 
tion with ampicillin for the treatment of his infection? 

A. Doxycycline 

B. Gentamicin 
C Ceftriaxone 

D. Erythromycin 

E. Aztreonam 

F. Metronidazole 



Difficulty level: Easy 

41 . A 3 1-year-old pregnant woman who recently arrived from 
Uganda was diagnosed with lymphogranuloma venereum. 
The physician prescribed a treatment with erythromycin, 
as tetracyclines are contraindicated during pregnancy. Which 
of the following drug-induced adverse effects best describes 
the reason for this contraindication? 

A. Impairment of fetal growth 

B. Superinfections in the newborn 

C Severe myelosuppression in the newborn 

D. Multiple fetal malformations 

E. Kernicterus in the newborn 

F. Early fetal death 

Difficulty level: Medium 

42 . A 3 1-year-old man was hospitalized because of severe wa- 
tery diarrhea, vomiting, and altered mental status. The man 
returned 1 day earlier from Latin America, where he visited 
with relatives, several of whom were recovering from an in- 
testinal infection. Physical examination showed a critically 
ill patient with marked loss of tissue turgor, sunken eyes, 
and wrinkled skin. Lab tests on admission revealed hemo- 
concentration and severe metabolic acidosis. A diagnosis was 
made, and an emergency treatment was initiated that in- 
cluded the parenteral administration of doxycycline. Which 
of the following bacteria most likely caused the patient’s 
disease? 

A. Vibrio cholerae 

B. Bacteroides fragilis 

C Enterobacter aerogenes 

D. Pseudomonas aeruginosa 

E. Clostridium difficile 

Difficulty level: Easy 

43 . A 24-year-old man was admitted to the hospital because of 
severe erythema that occurred a few minutes after exposure 
to sunlight. He reported that past and more prolonged expo- 
sures to sun had caused only a mild erythema. A few days 
earlier, the man had started on antibiotic treatment for non- 
gonococcal urethritis. Which of the following antibiotics most 
likely caused the patient’s erythema? 

A. Cefotetan 

B. Gentamicin 

C Metronidazole 

D. Doxycycline 

E. Amoxicillin 

F. Linezolid 


Difficulty level: Easy 

44 . A 33-year-old woman was hospitalized with fever (103. 5°F, 
39.7°C), chills, mental confusion, vomiting, and diarrhea. One 
week earlier, the woman had returned from a vacation in 
central Africa. A Giemsa stain confirmed the diagnosis of 
Plasmodium falciparum malaria. Because the patient came 
from a region with multidrug-resistant strains of P falci- 
parum, parenteral quinidine therapy was started. Which of 
the following would be a useful agent to add to her thera- 
peutic regimen? 

A. Imipenem 

B. Azithromycin 
C Doxycycline 

D. Gentamicin 

E. Piperacillin 

F. Cefepime 

Difficulty level: Medium 

45 . A76-year-old woman was admitted to the hospital because 
of fever (1 02.6°F, 39.2 °C), shortness of breath, and cough pro- 
ductive ofpurulent sputum. X-ray ofthe chest showed several 
areas of infiltration with possible abscess formation. Ablood 
culture indicated the infection was due to staphylococci, 
and a susceptibility test showed that they were resistant 
to methicillin and vancomycin. Which of the following anti- 
biotic therapies would be most appropriate for this patient? 

A. Nafcillin 

B. Tetracycline 
C Amikacin 

D. Cefop erazone 

E. Erythromycin 

F. Quinupristin/dalfopristin 

Difficulty level: Easy 

46 . A 42-year-old farmer presented to his physician because he 
had fever that usually rose in the afternoon, subsided during 
the night, and was followed by drenching sweats. Further 
exams led to the diagnosis of brucellosis, and a suitable phar- 
macotherapy was prescribed. Which of the following pairs 
of drugs would be appropriate for the patient at this time? 

A. Rifampin and metronidazole 

B. Streptomycin and doxycycline 
C Vancomycin and ampicillin 

D. Erythromycin and cephalothin 

E. Penicillin G and tobramycin 

Difficulty level: Easy 


47 . A 38-year-old man presented to the hospital with fever 
(102. 7°F, 39.2°C), severe retrobulbar headache, chills, 



photophobia, muscular pains, and prostration. He reported 
he found a tick attached to his scalp 7 days earlier while 
camping in the mountains of Colorado. Physical examination 
revealed a rash of pink macules 2 to 5 mm (0.08-0.2 inch) 
spread all over his body. Apresumptive diagnosis was made, 
and an empiric therapy was started. Which of the following 
antibiotics would be appropriate for this patient? 

A. Imipenem 

B. Doxycycline 
C Piperacillin 

D. Gentamicin 

E. Ceftazidime 

F. Trimethoprim-sulfamethoxazole 
Difficulty level: Easy 

48 . A 50-year-old woman recently diagnosed with gastric ulcer 
started a triple treatment for Helicobacter pylori infection 
that included tetracycline. Two weeks later, the H. pylori test 
was still positive, and the physician suspected the develop- 
ment of resistance to tetracycline. Which of the following 
mechanisms could account for the bacterial resistance to 
tetracyclines? 

A. Increased access to the ribosomal binding site 

B. Production of acetyltransferase enzymes 

G Increased permeability of the outer bacterial membrane 

D. Production of RNApolymerase enzymes 

E. Increased activity of the multidrug efflux pump 


Difficulty level: Easy 

49 . A25-year-old woman presented to the clinic because ofvul- 
var itching and burning and a thick, cheesy vaginal discharge 
for the past 5 days. The woman had been taking an oral anti- 
biotic for 2 months to treat moderate acne. Gram stain of a 
vaginal smear indicated Candida albicans as the offending 
pathogen. Which of the following drugs most likely contrib- 
uted to the appearance of the patient’s infection? 

A. Cefazolin 

B. Amikacin 
C Aztreonam 

D. Fluconazole 

E. Tetracycline 

F. Metronidazole 

Difficulty level: Medium 

50 . A 25-year-old man recently diagnosed with severe acne in- 
volving the face, back, and chest started a treatment that 
included tetracycline. The physician instructed the patient 
to avoid milk or dairy products within 2 hours of taking the 
medication, because dairy products can interact with tetra- 
cycline. Which of the following best explains the outcome of 
the interaction between tetracycline and dairy products? 

A. Decreased drug binding to bacterial ribosome 

B. Increased drug toxicity 

C Increased drug elimination 

D. Decreased bacterial permeability to the drug 

E. Decreased drug oral bioavailability 


Questions: VHI-3 Inhibitors of Bacterial Nucleic Acid Synthesis or Function 


Directions for questions 1-3 

Match each antibiotic drug with the appropriate description 
(each lettered option can be selected once, more than once, or not 
at all). 

A. Ciprofloxacin 

B. Metronidazole 
C Sulfadiazine 

D. Sulfamethoxazole 

E. Trimethoprim 

Difficulty level: Easy 

1. Aprodrug that requires bacterial activation 
Difficulty level: Easy 

2. This drug blocks the last two steps in bacterial tetrahydro- 
folate biosynthesis 


Difficulty level: Easy 

3. Resistance to this drug may be due to a change in DNA 
gyrase 

Difficulty level: Easy 

4 . An 83-year-old female resident in a nursing facility presented 
with fever (100. 5°F, 38°C), dry cough, and general malaise. 
Further exams led to the diagnosis of hospital-acquired pneu- 
monia due to Pseudomonas aeruginosa. Treatment was started 
with a drug that is effective against most gram-negative bac- 
teria, as well as against some mycobacteria, mycoplasmas, 
chlamydiae, and rickettsiae. Which of the following drugs 
was most likely given? 

A. Piperacillin 

B. Ceftazidime 
C Ciprofloxacin 

D. Erythromycin 

E. Vancomycin 



Difficulty level: Medium 

5 . A 53-year-old woman suffering from a urinary tract infection 
started a treatment with trimethoprim-sulfamethoxazole. 
One week later, burning upon urination was still pronounced, 
and the physician suspected that resistance to sulfamethox- 
azole had occurred. This resistance was most likely due to 
which of the following mechanisms? 

A. Increased permeability of bacterial cell membrane 

B. Decreased sulfonamide binding to bacterial ribosomes 
C Increased production of para-aminobenzoic acid 

D. Decreased sulfonamides binding to dihydrofolate reductase 

E. Decreased activity of the multidrug efflux pump 

Difficulty level: Medium 

6. A 59-year-old man complained to his physician that his skin 
itched all over his body. Two weeks earlier, he had begun oral 
antibiotic therapy for acute pharyngitis. Physical examination 
showed a diffuse maculopapular rash. Which of the following 
drugs most likely caused the patient’s dermatitis? 

A. Aztreonam 

B. Piperacillin 

C Trimethoprim-sulfamethoxazole 

D. Vancomycin 

E. Gentamicin 

Difficulty level: Easy 

7. A 50-year-old obese man complained to his physician of a sharp 
pain in his left calf. Medical history indicated that 1 week ago 
he had started an antibiotic treatment for acute prostatitis. 
Further exams led to the diagnosis of Achilles tendon rupture. 
Which of the following drugs most likely led to the patient’s 
leg pain? 

A. Ampicillin 

B. Doxycycline 
C Ceftriaxone 

D. Erythromycin 

E. Ciprofloxacin 

Difficulty level: Easy 

8. A46-year-old woman with a long history ofrecurrent urinary 
tract infection complained to her physician of burning on uri- 
nation and bladder pain. The woman used antacids from time 
to time to treat annoying heartburn. The physician prescribed 
ciprofloxacin for 1 week and instructed the patient to avoid 
the use of antacids during the therapy. Which of the following 
statements best explains why antacids are contraindicated in 
patients taking fluoroquinolones? 


A. They decrease quinolone oral bioavailability. 

B. They increase the risk of quinolone-induced cartilage 
erosion. 

C They decrease quinolone urinary excretion. 

D. They narrow the antibacterial activity spectrum of 
quinolones. 

E. They increase the risk of quinolone-induced torsades de 
pointes. 

Difficulty level: Easy 

9 . A22-year-old man who was on vacation in Mexico was seen 
at a local clinic because of malaise, fever (103.2°F, 39.5°C), 
tachycardia, nausea and vomiting, abdominal cramps and 
six loose, unformed, and bloody stools. The symptoms started 
24 hours after a dinner at a local restaurant. A presumptive 
diagnosis was made, and pharmacotherapy was started. 
Which of the following drugs would be appropriate for this 
patient? 

A. Fluconazole 

B. Ciprofloxacin 
C Cephalexin 

D. Vancomycin 

E. Dicloxacillin 

F. Linezolid 

Difficulty level: Easy 

10 . A49-year-old woman recently diagnosed with urinary tract 
infection started treatment with combined trimethoprim- 
sulfamethoxazole. Which of the following best explains the 
main reason for combining these two drugs? 

A. To retard the biotransformation of both drugs 

B. To decrease the risk of allergic reactions 

C To increase patient compliance by administering a single 
preparation 

D. To obtain a bactericidal effect that is unlikely with either 
drug given alone 

E. To achieve longer duration of action of sulfa- 
methoxazole 

Difficulty level: Medium 

11 . A 64-year-old man was admitted to the hospital because of 
a 3-day history of fever, chest pain, cough, nausea, vomiting, 
and diarrhea. His past medical history was relevant for heavy 
cigarette smoking, surgery for prostatic hyperplasia, and 
intolerance to macrolide antibiotics. Vital signs were blood 
pressure 135/80 mm Hg, pulse 50 bpm, respirations 16/min, 
body temperature 102°F (38.8°C). A chest x-ray revealed a 
patchy infiltrate in the lower left lobe, and urinalysis showed 
microhematuria. Which of the following drugs would be 
appropriate for the therapy of the patient’s disease? 



A. Vancomycin 

B. Gentamicin 
C Piperacillin 

D. Cip rofloxacin 

E. Erythromycin 

F. Ceftriaxone 

Difficulty level: Medium 

12 . A 30-year-old man recently diagnosed with otitis media 
started treatment with ciprofloxacin. A 7-day course was able 
to completely heal the disease. Which ofthe following bacte- 
ria most likely caused the patient’s infection? 

A. Leptospira interrogans 

B. Clostridium difficile 
G No card ia asteroides 

D. Borrelia burgdorferi 

E. Haemophilus influenzae 

Difficulty level: Medium 

13 . A47-year-old man was admitted to the hospital because of 
fever (103. 1°F, 39.5 °Q, severe headache, weakness in his right 
arm and leg, and increasing drowsiness. The patient had a 
history of chronic sinusitis treated with a variety of oral an- 
tibiotics. His last episode of sinusitis occurred 1 month ago 
and apparently resolved with clindamycin therapy. A com- 
puted tomography scan revealed a left frontal lesion with a 
small amount of surrounding cerebral edema. Adiagnosis of 
brain abscess was made, and the patient underwent stereo- 
tactic aspiration ofthe abscess under local anesthesia. Which 
of the following antibiotics would have been most appro- 
priately included in the initial postsurgical therapy of this 
patient? 

A. Amikacin 

B. Metronidazole 
C Erythromycin 

D. Aztreonam 

E. Vancomycin 

Difficulty level: Easy 

14 . A 42-year-old man recently diagnosed with mycoplasma 
pneumonia started a treatment with ciprofloxacin. Which 
of the following molecular actions most likely mediated the 
therapeutic effect ofthe drug in the patient’s disease? 

A. Inhibition of bacterial cell wall synthesis 

B. Inhibition of relaxation of supercoiled bacterial DNA 
C Stimulation of synthesis of abnormal bacterial proteins 

D. Inhibition of ergosterol synthesis in bacterial cell 
membrane 

E. Stimulation of bacterial DNAhelicase 

F. Stimulation of bacterial DNA-dependent RNA polymerase 


Difficulty level: Easy 

15 . A50-year-old woman recently diagnosed with a urinary tract 
infection started treatment with trimethoprim-sulfame- 
thoxazole. All symptoms disappeared after 1 week. Which 
of the following bacteria was most likely the cause of the 
patient’s infection? 

A. Pseudomonas aeruginosa 

B. Enterococcus fecium 

C Chlamydia trachomatis 

D. Bacteroides fragilis 

E. Escherichia coli 

Difficulty level: Easy 

16 . A 46-year-old woman complained of burning on urination 
and bladder pain. Her medical history was significant for re- 
current urinary tract infections and for a congenital long QT 
syndrome detected during a routine visit 1 year ago. A clean 
catch midstream urine sample showed many gram-negative 
rods. Which of the following antibiotics would be contra- 
indicated for this patient? 

A. Ceftazidime 

B. Aztreonam 
C Imipenem 

D. Amoxicillin-clavulanate 

E. Piperacillin 

F. Ciprofloxacin 

Difficulty level: Medium 

17 . A37-year-old woman with AIDS was admitted to the hospi- 
tal because of fever (100.4°F, 38°C), drenching night sweats, 
poor appetite, and an 1 8-lb (about 8 -kg) weight loss over the 
past 3 months. She had a past medical history of intestinal 
candidiasis and cryptococcal meningitis. Physical examina- 
tion revealed a cachectic woman with hepatospenomegaly. 
Chest radiography was unremarkable, and lab results showed 
a CD4+ lymphocyte count of 50 cells/mm 3 . A presumptive 
diagnosis of Mycobacterium avium complex infection was 
made and later confirmed by a DNAprobe test. Which of the 
following drugs should be included in the initial therapy of 
this patient? 

A. Piperacillin 

B. Acyclovir 

C Ciprofloxacin 

D. Ceftazidime 

E. Trimethoprim-sulfamethoxazole 

F. Metronidazole 



Difficulty level: Medium 

18 . A 44-year-old woman presented to the clinic with fever 
(101°F, 38.3°C) and cough productive of a small amount of 
greenish, thick sputum. The woman, suffering from pemphi- 
gus, had been receiving high-dose prednisone for 6 months. 
Physical examination revealed coarse breath sounds in the 
right lower lung, and a chest x-ray showed a 4-cm (1 .6-inch) 
nodule with central cavitation. Examination of the sputum 
showed long branching filaments of gram-positive, acid-fast 
rods. Which of the following drugs would be appropriate to 
treat the patient’s infection? 

A. Ketoconazole 

B. Rifampin 

C Erythromycin 

D. Sulfadiazine 

E. Amphotericin B 

Difficulty level: Medium 

19 . A 47-year-old woman suffering from ulcerative colitis was 
admitted to the hospital with fever (103. 5°F, 39.7°C) and 
severe abdominal pain. Physical examination showed an ex- 
tremely ill patient with diffuse abdominal tenderness, pro- 
found dehydration, and bloody diarrhea. Further exams led 
to the diagnosis of fulminant colitis, and an emergency ther- 
apy was started. Which of the following antibiotics should 
be included in the treatment of this patient? 

A. Metronidazole 

B. Vancomycin 
C Ampicillin 

D. Amikacin 

E. Erythromycin 

F. Trimethorpim-sulfamethoxazole 
Difficulty level: Medium 

20 . A36-year-old man presented to the clinic with fever (100.4°F, 
38.6°C), nonproductive cough, mild dyspnea, and facial 
seborrheic dermatitis. The man was HIV seropositive, and 
his CD4 lymphocyte count was 100/mm 3 . A silver-stained 
preparation from bronchial lavage revealed a large number 
ofcysts containing sporozoites. Adiagnosis ofpneumonia was 
made, and a treatment with trimethoprim-sulfamethoxazole 
for 14 days was able to cure the infection. Which of the fol- 
lowing bacteria was most likely the cause of the patient’s 
infection? 

A. Pseudomonas aeruginosa 

B. Clostridium difficile 

C My coplasm a pneumoniae 

D. Rickettsia rickettsii 

E. Treponema pallidum 

F. Pneum ocystis jiroveci 

G. Enterococcus faecalis 


Difficulty level: Easy 

21 . A 52-year-old woman complained to her physician of re- 
current epigastric pain. Endoscopy revealed a gastric ulcer, 
and biopsy results were positive for Helicobacter pylori. To 
eradicate H. pylori, the physician prescribed a therapy that 
included omeprazole and two antibiotics. Which of the fol- 
lowing pairs of antibiotics would be appropriate for this 
patient? 

A. Amoxicillin and gentamicin 

B. Metronidazole and tetracycline 
C Erythromycin and vancomycin 

D. Amoxicillin and rifampin 

E. Metronidazole and vancomycin 

Difficulty level: Easy 

22 . A 44-year-old man recently diagnosed with nocardiosis 
started a treatment with a high dose of sulfadiazine. Inhibi- 
tion of which of the following bacterial enzymes most likely 
mediated the therapeutic effect of the drug in the patient’s 
disease? 

A. Purine phosphoribosyl transferase 

B. Transpeptidase 
C Topoisomerase II 

D. Dihydropteroate synthetase 

E. Dihydrofolate reductase 

F. RNApolymerase 

Difficulty level: Medium 

23 . A 56-year-old man was admitted to the hospital with fever 
(101. 7°F, 38.7°C), severe abdominal pain, and loose, bloody 
stools. Further exams led to the diagnosis of Clostridium dif- 
ficile- associated colitis. Therapy with oral vancomycin was 
started, but 2 days later, the diarrhea was not improved. 
Which of the following changes in the therapy would be 
appropriate at this time? 

A. Start on oral metronidazole. 

B. Increase the dose of vancomycin. 

C Start on intravenous (IV) vancomycin. 

D. Start on oral ceftazidime. 

E. Start on IV amikacin. 

Difficulty level: Medium 

24 . A54-year-old alcoholic woman complained to her physician 
of weakness, drowsiness, and dyspnea on exertion. Medical 
history indicated she was diagnosed with acute cystitis 10 
days earlier and started an antibacterial therapy. Pertinent 
results of blood tests were red blood cell count 3.2 x 1 0 6 / 
mm 3 (normal, female 3. 5-5. 5 x 1 0 6 /mm 3 ), mean corpuscular 
volume 115 fL (normal 80-100 fL). Which of the following 
drugs most likely caused these lab results? 



A. Ciprofloxacin 

B. Vancomycin 
C Metronidazole 

D. Trimethoprim 

E. Doxycycline 

F. Ceftazidime 

G. Piperacillin 

Difficulty level: Easy 

25 . A75-year-old woman was admitted to the hospital with fever 
(102.6°F, 39.2°C), abdominal cramping, and foul-smelling, 
watery stools. A colonoscopy revealed exudative plaques 
attached to the surface of the inflamed colonic mucosa. The 
woman had been receiving high doses of ampicillin for 2 
weeks to treat a urinary tract infection. Which of the fol- 
lowing drugs would be most appropriate for this patient? 

A. Piperacillin 

B. Gentamicin 
C Doxycycline 

D. Erythromycin 

E. Metronidazole 

F. Ciprofloxacin 

Difficulty level: Easy 

26 . A 36-year-old woman complained to her physician that she 
became dizzy and suffered flushing and vomiting after drink- 
ing a double scotch. The woman, recently diagnosed with 
bacterial vaginosis, started an oral antibiotic therapy 1 week 
ago. Which of the following drugs most likely caused this 
interaction with alcohol? 

A. Imipenem 

B. Levofloxacin 
C Clindamycin 

D. Piperacillin 

E. Ceftriaxone 

F. Metronidazole 

Difficulty level: Medium 

27. A 56-year-old Black woman complained to her physician of 
tiredness and fatigue. She also noticed that her urine had be- 
come dark. Medical history was significant for glucose-6- 
phosphate dehydrogenase deficiency and recurrent urinary 
tract infection. Five days earlier, the patient complained of 
burning sensation upon urination and started the prescribed 
antibiotic therapy. Urinalysis revealed bilirubin and uro- 
bilinogen. Which of the following drugs could have caused 
the patient’s signs and symptoms? 


A. Piperacillin 

B. Gentamicin 
C Trimethoprim 

D. Ceftriaxone 

E. Ciprofloxacin 

F. Sulfamethoxazole 

Difficulty level: Medium 

28 . A 55-year-old woman complained to her physician of burn- 
ing on urination, frequent urination, and bladder pain. A 
urine culture and susceptibility test showed that Escherichia 
coli was the main infecting organism and that it was resis- 
tant to ampicillin, cefotaxime, ciprofloxacin, and amikacin. 
Which of the following antibiotics would be most appropri- 
ate to treat the patient’s infection? 

A. Amoxicillin 

B. Moxifloxacin 
C Vancomycin 

D. Linezolid 

E. Trimethoprim-sulfamethoxazole 

F. Clindamycin 

Difficulty level: Easy 

29 . A 34-year-old woman recently diagnosed with salpingitis 
due to Bacteroides fragilis started a treatment with a drug 
that is reduced by anaerobes to a highly reactive nitro radical 
anion able to damage bacterial DNA. Which of the following 
drugs did the patient most likely take? 

A. Cefoxitin 

B. Clindamycin 
C Imipenem 

D. Metronidazole 

E. Cefotetan 

Difficulty level: Easy 

30 . A 28-year-old woman late in her third trimester of preg- 
nancy complained to her physician of persistent burning 
upon urination. The patient’s medical history was significant 
for recurrent urinary tract infections. An antibiotic treat- 
ment was prescribed. Which of the following drugs would 
be contraindicated in this patient because of a risk of ker- 
nicterus in the newborn? 

A. Piperacillin 

B. Sulfamethoxazole 
C Ceftriaxone 

D. Imipenem 

E. Gentamicin 

F. Ciprofloxacin 



Questions: VIH-4 Antimycobacterial Drugs 


Directions for questions 1 and 2 

Match each antimycobacterial drug with the appropriate descrip- 
tion (each lettered option can be selected once, more than once, 
or not at all). 

A. Amikacin 

B. Cip rofloxacin 
C Clarithromycin 

D. Ethambutol 

E. Ethionamide 

F. Isoniazid 

G. Pyrazinamide 

H. Rifampin 

I. Streptomycin 

Difficulty level: Easy 

1. This drug imparts a harmless orange color to urine, sweat, 
and tears. 

Difficulty level: Easy 

2. This drug is effective against some atypical mycobacteria but 
not against Mycobacterium tuberculosis. 

Difficulty level: Easy 

3. A3 1-year-old homosexual man was found to be HIV positive. 
Currently, he did not have symptoms of tuberculosis, but his 
tuberculin skin test was positive. A treatment with isoniazid 
was prescribed. The inhibition of synthesis of which of the 
following endogenous compounds most likely mediated the 
therapeutic effect of the drug in this patient? 

A. Mycolic acids 

B. Peptidoglycan 

C Arabinosyl transferase 

D. Topoisomerase II 

E. DNA-dependent RNApolymerase 

Difficulty level: Medium 

4. A56-year-old Hispanic man diagnosed with bone tuberculo- 
sis started a multidrug treatment, but 4 months later, the 
disease was minimally improved, and susceptibility testing 
showed a complete resistance to isoniazid. A high level of re- 
sistance of tubercle bacilli to isoniazid involves a decrease in 
the activity of which of the following enzymes? 

A. Catalase-peroxidase 

B. DNA-dependent RNApolymerase 
C Topoisomerase II 

D. Acetyltransferase 

E. Transpeptidase 


Difficulty level: Easy 

5. A49-year-old Asian woman recently diagnosed with tubercu- 
losis started an appropriate multidrug therapy. Which of the 
drugs she was taking is inactivated by hepatic acetylation, the 
rate of which depends on genetic background? 

A. Streptomycin 

B. Ethambutol 
C Rifampin 

D. Isoniazid 

E. Pyrazinamide 

Difficulty level: Easy 

6. A 36-year-old Black man recently diagnosed with pulmonary 
tuberculosis started a drug treatment that included rifampin. 
Inhibition of which of the following enzymes most likely me- 
diated the therapeutic efficacy of rifampin in the patient’s 
disease? 

A. DNA-dependent RNApolymerase 

B. Arabinosyl transferase 
C Transpeptidase 

D. Topoisomerase II 

E. RNA-dependent DNApolymerase 

Difficulty level: Easy 

7. A 63-year-old man recently diagnosed with pulmonary tu- 
berculosis started a multidrug treatment that included eth- 
ambutol. Inhibition of which of the following enzymes most 
likely mediated the therapeutic efficacy of the drug in the 
patient’s disease? 

A. Dihydrofolate reductase 

B. Peptidyl transferase 

C Arabinosyl transferase 

D. Enolpyruvate transpherase 

E. Dihydropteroate synthetase 

F. Transglycosylase 

Difficulty level: Medium 

8. A 34-year-old woman who was HIV positive presented with 
fever (100. 8°F, 38.2°C), profuse night sweats, poor appetite, 
and a 20-lb (4.5-kg) weight loss over the past 5 months. Phys- 
ical examination revealed a cachectic female with prominent 
oral thrush and mild splenomegaly. Her CD4+ lymphocyte 
count was 45 cells/mm 3 (normal > 500 cells/mm 3 ), and a DNA 
probe test confirmed the diagnosis of Mycobacterium avium 
complex infection. An appropriate multidrug regimen was 
started. Which of the following drugs was most likely included 
in the patient’s pharmacotherapy? 




A. Ceftriaxone 

B. linezolid 

C Metronidazole 

D. Clarithromycin 

E. Vancomycin 

Difficulty level: Easy 

9 . A 28-year-old man underwent a tuberculin skin test (Man- 
toux method) that turned out to be positive. The man was the 
husband of a woman who had uncomplicated pulmonary 
tuberculosis treated at home with a multiple-drug regi- 
men. The man was prescribed a drug to be taken daily for 6 
months. Which ofthe following drugs was most likely given? 

A. Amikacin 

B. Ethambutol 
C Isoniazid 

D. Ciprofloxacin 

E. Pyrazinamide 

Difficulty level: Easy 

10 . A 44-year-old woman complained of blurred vision and 
inability to distinguish green objects from red objects. The 
woman, recently diagnosed with cavitary pulmonary tuber- 
culosis, had been receiving a three-drug combination regi- 
men for 2 months. An eye examination indicated a narrowing 
of her visual field. Which of the following drugs most likely 
caused these adverse effects? 

A. Isoniazid 

B. Pyrazinamide 
C Streptomycin 

D. Ethambutol 

E. Ciprofloxacin 

Difficulty level: Hard 

11 . A 34-year-old HIV-positive woman was admitted to the 
hospital because of a 4-week history of fatigue, increasing 
abdominal girth, exertional dyspnea, nocturnal dyspnea, and 
peripheral edema. Vital signs were pulse 80, blood pressure 
90/70 mm Hg. Physical examination revealed prominent ex- 
ternal jugular veins that became more distended during in- 
spiration. The heart was slightly enlarged, and a third sound 
was noted in early diastole. A computed tomography scan 
showed a large pericardial effusion, and pericardiocentesis 
removed 500 mLofbloody fluid with a high protein content. 
A diagnosis of hemorrhagic pericarditis was made, and an 
appropriate therapy was prescribed. Which of the following 
pairs of drugs would be most appropriately included in the 
patient’s regimen? 


A. Piperacillin and tobramycin 

B. Trimethoprim-sulfamethoxazole 
C Ciprofloxacin and azithromycin 

D. Isoniazid and rifampin 

E. Streptomycin and erythromycin 

Difficulty level: Easy 

12 . A 1 0-year-old girl was brought to the emergency department 
by her mother, who said that her daughter had high fever 
(103.3 °F, 39. 6°C) and was irritable and lethargic. Physical ex- 
amination showed nuchal rigidity and a positive Brudzinski 
sign. Subsequent exams led to the diagnosis of meningo- 
coccal meningitis. Which of the following drugs would have 
been appropriate prophylaxis for the health personnel as- 
sisting this girl? 

A. Amikacin 

B. Piperacillin 
C Isoniazid 

D. Doxycycline 

E. Rifampin 

Difficulty level: Easy 

13 . A47-year-old Hispanic man recently diagnosed with pulmo- 
nary tuberculosis started a multidrug treatment. One of the 
drugs he was given is active against most mycobacteria, many 
gram-positive and -negative bacteria, chlamydiae, rickett- 
siae, and poxviruses. Which of the following drugs has such 
a broad antibacterial spectrum? 

A. Isoniazid 

B. Rifampin 

C Streptomycin 

D. Ethambutol 

E. Pyrazinamide 

Difficulty level: Medium 

14 . A 66-year-old man recently diagnosed with pulmonary 
tuberculosis started a three-drug treatment with isoniazid, 
rifampin, and ethambutol. The man, who had been suffering 
from atrial fibrillation for 4 years, was currently being treated 
with propranolol and warfarin. At this point, which of the 
following changes in the patient’s therapeutic regimen would 
be appropriate? 

A. Increase the dose of warfarin. 

B. Decrease the dose of propranolol. 

C Add pyrazinamide to the current therapy. 

D. Substitute isoniazid with streptomycin. 

E. Substitute propranolol with digoxin. 



Difficulty level: Medium 

15 . A 64-year-old alcoholic woman suffering from pulmonary 
tuberculosis complained of anorexia, nausea, and abdominal 
discomfort. She had been receiving isoniazid, ethambutol, 
and rifampin for 2 months. Lab results revealed an aspartate 
aminotransferase level of 330 U/L(normal 8-20 U/L). Which 
of the following best explains the reason for the patient’s 
signs and symptoms? 

A. Rifampin-induced hemolytic anemia 

B. Rifampin-induced induction of the P-450 system 
C Isoniazid-induced neuropathy 

D. Isoniazid-induced hepatitis 

E. Ethambutol-induced peripheral neuritis 

F. Ethambutol-induced hepatitis 

Difficulty level: Easy 

16 . A 30-year-old man with AIDS was recently diagnosed with 
pulmonary tuberculosis and started a multidrug treatment 
with isoniazid, rifampin, pyrazinamide, and ethambutol. 
Which of the following best explains why ethambutol was 
added to the therapeutic regimen? 

A. To enhance the antibacterial activity of pyrazinamide 

B. To provide antibacterial activity against atypical myco- 
bacteria 

C To prevent the neurotoxic effects of isoniazid 

D. To prevent Pneumocystis jiroveci pneumonia 

E. To delay the emergence of drug resistance 

Difficulty level: Medium 

17 . A62-year-old man presented to the hospital complaining of 
anorexia, nausea and vomiting, and abdominal discomfort. 
He also had pain on motion and stiffness in several joints. 
The man, recently diagnosed with renal tuberculosis, started 
a four-drug combination regimen 1 month ago. Lab results 
showed serum aspartate aminotransferase of 280 U/L (nor- 
mal 8-20 U/L) and serum uric acid of 25 mg /dL (normal 
3. 0-8 .2 mg/dL). Which of the following drugs most likely 
caused the patient symptoms and signs? 

A. Rifampin 

B. Pyrazinamide 
G Isoniazid 

D. Streptomycin 

E. Azithromycin 

Difficulty level: Medium 

18 . A 35-year-old man recently diagnosed with pulmonary tu- 
berculosis started a treatment with isoniazid, rifampin, pyr- 
azinamide, and ethambutol, but 2 months later, susceptibility 
testing revealed a Mycobacterium tuberculosis resistant to 
isoniazid and pyrazinamide. These drugs were discontinued, 
and two other drugs were prescribed. Which of the following 


pairs of drugs would be most appropriate for the patient at 
this time? 

A. Amikacin and vancomycin 

B. Ethionamide and azithromycin 
C Imipemen and doxycycline 

D. Ceftriaxone and linezolid 

E. Streptomycin and moxifloxacin 

Difficulty level: Easy 

19 . A 57-year-old man complained of a tingling sensation in his 
limbs and that his arms sometimes felt heavy. The man, who 
had been suffering from type II diabetes for 10 years, had 
been recently diagnosed with pulmonary tuberculosis and 
had been receiving isoniazid and rifampin for 1 month. The 
concomitant use of which of the following drugs would have 
most likely prevented the patient’s neurologic symptoms? 

A. Folic acid 

B. Pyridoxine 

C Cyanocobalamin 

D. Vitamin R, 

E. Folinic acid 

Difficulty level: Easy 

20 . A 13-year-old boy had been receiving a multidrug treatment 
for bone tuberculosis. After 4 months of therapy, suscepti- 
bility testing showed that the mycobacterium was resistant 
to isoniazid and rifampin. Which of the following was most 
likely the mechanism of mycobacterial resistance to rifam- 
pin in this patient? 

A. Blockade ofmycolic acid synthesis 

B. Gene-induced changes in bacterial topoisomerase II 
C Gene-induced changes in bacterial RNApolymerase 

D. Gene-induced changes in bacterial peptidyl transferase 

E. Increased bacterial acetylation of the drug 

Difficulty level: Easy 

21 . A 44-year-old man who recently moved from Mexico to 
Los Angeles presented to the hospital because of a diffuse 
skin disease. Skin examination showed macules, nodules, and 
plaques over his face and thorax. Further exams led to the 
diagnosis of lepromatous leprosy, and an appropriate ther- 
apy was started. Which of the following drugs should be 
included in the therapeutic regimen of this patient? 

A. Ampicillin 

B. Ceftriaxone 

C Metronidazole 

D. Dapsone 

E. Fluconazole 

F. Ivermectin 



Difficulty level: Easy 

22. A 33-year-old man had been receiving a multidrug treat- 
ment for pulmonary tuberculosis. After 3 months oftherapy, 
susceptibility testing showed that the mycobacterium was 
resistant to isoniazid and ethambutol. Which of the follow- 
ing was most likely the mechanism of mycobacterial resis- 
tance to ethambutol in this patient? 

Questions: VHI-5 Antifungal Drugs 

Directions for questions 1-3 

Match each antifungal drug with the appropriate description 
(each lettered option can be selected once, more than once, or not 
at all). 

A. Amphotericin B 

B. Caspofungin 
C Fluconazole 

D. Flucytosine 

E. Griseofulvin 

F. Itraconazole 

G. Nystatin 

H. Terbinafine 

Difficulty level: Easy 

1. The antifungal spectrum of this drug is limited to Candida 
and Aspergillus species. 

Difficulty level: Easy 

2. This drug has the broadest antifungal spectrum but is used 
only in case of severe mycoses because of its toxicity. 

Difficulty level: Easy 

3. The mechanism of action of this drug involves the inhibition 
of the synthesis of (3-glucan, an essential constituent of a fun- 
gal cell wall. 

Difficulty level: Easy 

4 . A 42-year-old HIV-positive woman was recently diagnosed 
with invasive histoplasmosis and started a therapy with am- 
photericin B. Which of the following molecular actions most 
likely mediated the therapeutic effect of the drug in the pa- 
tient’s disease? 


A. Gene-induced changes in bacterial topoisomerase II 

B. Increased bacterial metabolism of the drug 

C Gene-induced changes in bacterial arabinosyl transferase 

D. Decrease activity of the bacterial multiefflux pump 

E. Gene-induced changes in bacterial RNApolymerase 

F. Decreased bacterial permeability to the drug 


A. Activation of fungal cytochrome P-450 enzymes 

B. Pore formation in fungal cell membrane 

C Inhibition of fungal cytochrome P-450 enzymes 

D. Inhibition of fungal mitosis 

E. Pore formation in the fungal cell wall 

Difficulty level: Easy 

5 . A 39-year-old man living in New Mexico was recently di- 
agnosed with pulmonary coccidioidomycosis. A treatment 
was started with a drug that acts by inhibiting the fungal 
P-450 system. Which of the following drugs was most likely 
administered? 

A. Amphotericin B 

B. Nystatin 

C Fluconazole 

D. Flucytosine 

E. Griseofulvin 

F. Terbinafine 

Difficulty level: Easy 

6. A 42-year-old man with AIDS was admitted to the hospital 
because of a recent onset of tonic-clonic seizures. Physical ex- 
amination suggested acute meningitis, and lab tests indicated 
cryptococcal infection. A treatment with amphotericin B and 
flucytosine was initiated but had to be suspended due to the 
appearance of severe adverse effects. An alternative treatment 
was initiated. Which of the following drugs would be most 
appropriate for the patient at this time? 

A. Terbinafine 

B. Griseofulvin 
C Nystatin 

D. Caspofungin 

E. Fluconazole 



Difficulty level: Hard 

7 . A 53-year-old man presented to the clinic because of pain- 
ful, erosive, markedly pruritic lesions on the glans penis, 
scrotum, and inguinal region for the past week. The man had 
a 10-year history of poorly controlled diabetes mellitus. Phys- 
ical examination showed irregular, shallow, erythematous 
ulcerations. A wet preparation of ulcer secretions showed 
budding cells with pseudohyphae. A diagnosis was made, 
and an oral therapy was prescribed. Which of the following 
drugs would be appropriate for this patient? 

A. Nystatin 

B. Metronidazole 
C Fluconazole 

D. Acyclovir 

E. Mebendazole 

F. Gris eofu Ivin 

Difficulty level: Easy 

8. A40-year-old woman with AIDS was admitted to the hospi- 
tal because of fever (103.2°F, 39.5°C), cough, and chest pain 
over the past 12 hours. Physical examination revealed verru- 
cose and vesicular skin lesions on her arms and face, and a 
chest x-ray showed scattered pulmonary lesions compatible 
with a granulomatous process. A blood culture displayed 
typical yeasts with chlamydospores. Which of the following 
correctly pairs the most likely offending pathogen with the 
appropriate treatment? 

A. Cryptococcus neoform ans: amphotericin B 

B. Trichophyton tonsurans: griseofulvin 
C Histoplasma capsulatum : fluconazole 

D. Aspergillus fumigatus: fluconazole 

E. Candida albicans: amphotericin B 

Difficulty level: Easy 

9 . A43-year-old woman recently diagnosed with chromoblas- 
tomycosis started a treatment that included a drug that acts 
by inhibiting fungal DNA synthesis. Which of the following 
drugs was most likely given? 

A. Fluorouracil 

B. Cytarabine 
G Flucytosine 

D. Griseofulvin 

E. Fluconazole 

F. Terbinafine 

Difficulty level: Medium 

10 . A 30-year-old Mexican man who was a lifelong resident of 
the San Joaquin Valley, California, was admitted to the hos- 
pital because of a 4-day history of low-grade fever (99.9°F, 
37.7°C), severe headache, irritability, and fatigue. Physical 


examination showed stiff neck and Kerning sign. Microscopic 
analysis of the spinal fluid revealed spherules filled with 
endospores. Which of the following drugs was most likely 
administered to this patient for an appropriate therapy? 

A. Itraconazole 

B. Nystatin 

C Terbinafine 

D. Fluconazole 

E. Flucytosine 

F. Zidovudine 

Difficulty level: Hard 

11 . A 31-year-old man with AIDS was admitted to the emer- 
gency department with fever (102.4°F, 39.1°C), headache, 
confusion, muddled thinking, and vomiting. Physical exam- 
ination revealed nuchal rigidity, diplopia, and loss of vision. 
An agglutination test of the spinal fluid for capsular poly- 
saccharide antigen turned out to be positive. Which of the 
following treatments would be most appropriate for this 
patient? 

A. Ampicillin and erythromycin 

B. Saquinavir and foscarnet 

C Pyrimethamine and sulfadiazine 

D. Amphotericin Band flucytosine 

E. Tolnaftate and nystatin 

F. Terbinafine and griseofulvin 

Difficulty level: Medium 

12 . A 68-year-old man hospitalized because of prostate cancer 
developed fever (103.8°F, 39.9°C) 4 days after prostatectomy 
despite empirical antibacterial therapy. He had a urinary cath- 
eter and was treated with a combination of broad-spectrum 
antibiotics. The patient had been suffering from chronic renal 
insufficiency for the past year. Urinalysis showed many bud- 
ding yeasts and cultures that were positive for Candida albi- 
cans. Which of the following drugs would be appropriate for 
systemic antifungal treatment of this patient? 

A. Amphotericin B 

B. Caspofungin 
C Piperacillin 

D. Metronidazole 

E. Griseofulvin 

F. Nystatin 

Difficulty level: Easy 

13 . A 37-year-old woman suffering from AIDS was recently 
diagnosed with systemic candidiasis, and an intravenous 
antifungal treatment was prescribed. One week later, the 
following lab results were obtained: serum creatinine 5.9 
mg/dL (normal: 0.6-1. 2 mg/dL), blood urea nitrogen (BUN) 




53 mg/dL(normal 7-1 8 mg/dL), plasm a potassium 2.3 mmol/L 
(normal 3. 5-5.0 mmol/L). Which ofthe following drugs most 
likely caused these abnormal lab results? 

A. Amphotericin B 

B. Fluconazole 
C Griseofulvin 

D. Flucytosine 

E. Cyclosporine 

F. Tobramycin 

Difficulty level: Easy 

14 . A29-year-old man presented to his physician with an annu- 
lar lesion with raised borders on his left hand. Microscopic 
examination of skin scrapings revealed branching hyphae. 
The diagnosis of tinea manus was made, and the patient 
was prescribed terbinafine. Which ofthe following skin struc- 
tures was most likely the site of action ofthe prescribed drug? 

A. Stratum basale 

B. Stratum spinosum 
C Stratum corneum 

D. Pigment layer 

E. Hair follicle 

F. Hair shaft 

Difficulty level: Medium 

15 . A 9-year-old girl was brought to the pediatrician by her 
mother because the girl had several small hairless patches 
on her scalp. Upon close physical examination, patches look- 
ing like black dots were seen on the skin surface. Microscopic 
examination revealed a dense sheath of spores around the 
hair. Which of the following drugs given orally would be ap- 
propriate for this patient? 

A. Acyclovir 

B. Metronidazole 
C Terbinafine 

D. Vancomycin 

E. Amphotericin B 

F. Flucytosine 

Difficulty level: Easy 

16 . A 34-year-old man with AIDS was admitted to the hospital 
because of fever (103.7°F, 39.8°Q, severe headache, and men- 
tal confusion. Further exams led to the diagnosis of crypto- 
coccalmeningitis. An intravenous (IV) dose ofhydrocortisone 
was administered, then an antibiotic therapy was started 
that included an IV infusion of amphotericin B. Hydrocorti- 
sone was most likely given to decrease which of the follow- 
ing drug-related adverse effects? 


A. Red man syndrome 

B. Nephrotoxicity 
C Hepatotoxicity 

D. Infusion reaction 

E. Hemolytic anemia 

F. Exfoliative dermatitis 

Difficulty level: Easy 

17 . A 33-year-old woman presented to her gynecologist with 
a 4-day history of perineal pruritus and a nonmalodorous, 
thick, cheesy vaginal discharge. The only medication the 
woman was taking was an oral contraceptive. A wet prepa- 
ration of vaginal secretion showed budding yeast cells and 
pseudohyphae. Adiagnosis was made, and a local therapy was 
prescribed. Which of the following correctly pairs the most 
likely offending pathogen with the appropriate treatment? 

A. Candida albicans: griseofulvin 

B. C. albicans: terbinafine 
C C. albicans: nystatin 

D. Blastomyces dermatitidis: caspofungin 

E. B. dermatitidis: terbinafine 

F. B. dermatitidis: nystatin 

Difficulty level: Medium 

18 . A 34-year-old man presented with fever (103. 5°F, 39.6°C), 
cough, increasing dyspnea, and bloody sputum. The man, 
suffering from a non-Hodgkin lymphoma, was in the hos- 
pital for the second cycle of chemotherapy. A chest x-ray 
disclosed diffuse alveolar infiltrates on the right lobe and 
multiple small cavitary lesions on the left lobe. Bronchoalve- 
olar lavage revealed fungal forms typical of the Aspergillus 
genus. Which of the following drugs would be appropriate 
for this patient? 

A. Flucytosine 

B. Terbinafine 
C Griseofulvin 

D. Voriconazole 

E. Nystatin 

Difficulty level: Easy 

19 . A 63-year-old woman recently diagnosed with onychomy- 
cosis started a treatment with terbinafine. Inhibition of which 
of the following enzymes most likely mediated the thera- 
peutic effect ofthe drug in the patient’s disease? 

A. Thymidylate synthase 

B. Lanosterol synthetase 
C Squalene epoxidase 

D. Transpeptidase 

E. 7a-hydroxylase 



Difficulty level: Medium 

20 . A 36-year-old HIV-positive man living near the Mississippi 
River was admitted to the hospital with a 3-week history of 
cough, productive yellow sputum, and progressive dyspnea 
of exertion, as well as a 14-lb (6.4-kg) weight loss. Physical 
examination disclosed prominent hepatospenomegaly and 
diffuse lymphadenopathy. Pertinent lab results on admis- 
sion were CD4+ lymphocyte count 320 cells/mm 3 (normal 
> 500 cells/mm 3 ), lactate dehydrogenase 5000 IU/L (normal 
< 600 IU/L). A blood stain showed neutrophils containing 
small uninucleated, encapsulated microorganisms. A diag- 
nosis was made, and an appropriate pharmacotherapy was 
started. Which of the following drugs would be most appro- 
priate for this patient? 

A. Amphotericin B 

B. Isoniazid 
C Terbinafine 

D. Streptomycin 

E. Nystatin 

Difficulty level: Easy 

21 . A 45-year-old farmer complained to his physician of a red 
itchy rash over his thorax and arms. One week earlier, the 
man had been diagnosed with a fungal infection on his face 
and started an appropriate drug treatment. After physical 
examination, the physician told the patient that the rash was 
most likely a photosensitivity reaction to the drug. Which 
of the following drugs most likely caused the adverse effect 
in this patient? 

A. Flucytosine 

B. Amphotericin B 
C Caspofungin 

D. Gris eofu Ivin 

E. Doxycycline 

F. Ciprofloxacin 


Difficulty level: Medium 

22 . A 42-year-old HIV-positive woman was admitted to the 
emergency department with the admitting diagnosis of 
pneumonia. Further exams led to the diagnosis of cryptococ- 
cal pneumonia, and a treatment with liposomal amphoteri- 
cin B was started. Which of the following best explains the 
primary advantage of liposomal preparations over the regu- 
lar colloidal suspension of amphotericin B? 

A. Decreased interactions with other drugs 

B. Increased antifungal activity spectrum 
C Decreased systemic toxicity 

D. Decreased drug clearance 

E. Increased oral bioavailability 

Difficulty level: Medium 

23 . A 34-year-old man with AIDS was admitted to the emer- 
gency department and diagnosed with severe invasive can- 
didiasis. He was initially treated with an antifungal drug 
to rapidly reduce fungal burden, and the drug was then re- 
placed with another agent for chronic therapy. Which of the 
following pairs of drugs were most likely given? 

A. Amphotericin B and terbinafine 

B. Caspofungin and griseofulvin 

C Caspofungin and metronidazole 

D. Amphotericin Band fluconazole 

E. Amphotericin B and mebendazole 

F. Caspofungin and terbinafine 

Difficulty level: Easy 

24 . A 45-year-old woman with AIDS had been receiving fluco- 
nazole for an esophageal Candida infection. The therapy was 
initially effective, but over time its efficacy decreased, and 
the physician thought that development of resistance had 
occurred. Which of the following was most likely the mech- 
anism of fungal resistance to fluconazole in this patient? 

A. Gene-induced changes in fungal topoisomerase II 

B. Increased fungal metabolism of the drug 

C Gene-induced changes in fungal cytochrome P-450 
enzymes 

D. Decreased activity of fungal multiefflux pump 

E. Gene-induced changes in fungal RNApolymerase 

F. Decreased fungal permeability to the drug 



Questions: VIH-6 Antiviral Drugs 


Directions for questions 1-3 

Match each antiviral drug with the appropriate description (each 
lettered option can be selected once, more than once, or not at 
all). 

A. Abacavir 

B. Didanosine 
C Efavirenz 

D. Enfuvirtide 

E. Fomivirsen 

F. Lamivudine 

G. Maraviroc 

H. Oseltamivir 

I. Raltegravir 
J Ritonavir 
K. Stavudine 
L Trifluridine 
M. Zalcitabine 


Difficulty level: Easy 

1. A nucleoside reverse transcriptase inhibitor used to treat 
both HIV and hepatitis B viral infections 

Difficulty level: Easy 

2 . This drug is active against HIV-1 but not against HIV-2 or 
other retroviruses. 


Difficulty level: Medium 

5 . A 35-year-old man with AIDS started a therapy that included 
a combination of lopinavir-ritonavir. Which of the following 
statements best explains the main reason for this combina- 
tion regimen? 

A. Lopinavir prevents ritonavir resistance. 

B. Lopinavir inhibits ritonavir metabolism. 

C Lopinavir enhances ritonavir intestinal absorption. 

D. Ritonavir prevents lopinavir resistance. 

E. Ritonavir inhibits lopinavir metabolism. 

F. Ritonavir enhances lopinavir intestinal absorption. 

Difficulty level: Easy 

6. A 30-year-old man with AIDS presented to the clinic com- 
plaining of recent weight gain. The man had been using a 
highly active antiretroviral therapy for 6 months. Physical 
examination showed a patient with truncal obesity and Cush- 
ingoid appearance. Lab tests revealed hyperglycemia and hy- 
perlipidemia. Adrug from which ofthe following antiretroviral 
drug classes most likely caused these adverse effects? 

A. Entry inhibitors 

B. Nucleoside reverse transcriptase inhibitors 

C Nonnucleoside reverse transcriptase inhibitors 

D. Integrase inhibitors 

E. Protease inhibitors 


Difficulty level: Easy 

3. This drug is administered by intravitreal injection to treat 
cytomegalovirus retinitis. 

Difficulty level: Easy 

4 . At a routine clinic visit, a 40-year-old man with a long his- 
tory of AIDS was found to have a CD4+ lymphocyte count of 
122 cells/mm 3 (normal > 500 cells/mm 3 ) despite his current 
highly active antiretroviral therapy. The physician decided to 
change the therapy and to include a drug that blocks the in- 
tegration of reverse-transcribed HIV DNA into the chromo- 
somes of host cells. Which of the following drugs was most 
likely given? 

A. Zidovudine 

B. Atazanavir 

C. Lopinavir 

D. Ritonavir 

E. Raltegravir 


Difficulty level: Medium 

7. A 34-year-old woman reported to her physician that she had 
experienced genital burning pain for the past 2 days. The pain 
and burning were worse during urination and accompanied 
by fever and malaise. Physical examination revealed multiple 
blisters and ulcerative lesions in the vaginal area. Apresump- 
tive diagnosis of herpes genitalis was made, and an oral drug 
was prescribed. Which of the following steps of the viral 
growth cycle was most likely primarily inhibited by the pre- 
scribed drug? 

A. Entry 

B. Unco at in g 

C Transcription 

D. Translation 

E. Proteolytic cleavage 

F. Assembly 



Difficulty level: Medium 

8. A33-year-old woman with AIDS was recently diagnosed with 
cytomegalovirus retinitis. The ophthalmologist prescribed 
a drug that must be phosphorylated first by virus-specific 
enzymes, then by host cell enzymes to become active. Which 
of the following drugs was most likely given? 

A. Foscarnet 

B. Ribavirin 
C Ganciclovir 

D. Acyclovir 

E. Vidarabine 

F. Zidovudine 

Difficulty level: Easy 

9 . An 80-year-old man was brought from a nursing home to 
the emergency department with chief complaints of fever 
(102. 8°F, 39.3°C), cough, headache, malaise, anorexia, and 
photophobia. Conventional antibiotic therapy was ineffec- 
tive, and 3 days later, influenza virus was detected from spu- 
tum. Over the next week, three other nursing home patients 
developed similar symptoms. Vaccination and chemopro- 
phylaxis were planned for all nursing home residents and 
staff. Which of the following drugs would be appropriate to 
administer as a prophylactic measure? 

A. Acyclovir 

B. Foscarnet 
C Ribavirin 

D. Ganciclovir 

E. Oseltamivir 

F. Zidovudine 

Difficulty level: Medium 

10 . A 72-year-old man was admitted to the hospital with a 
1 -week history ofmalaise, night sweats, and increasing short- 
ness of breath. Blood tests on admission were notable for 
hemoglobin 10 mg/dL (normal >13.5 mg/dL) and creatinine 
3.2 mg/dL (normal 0.6-1. 2 mg/dL). On admission, physical 
examination showed a cyanotic and dyspneic patient in ob- 
vious distress. Auscultation revealed decreased lung sounds 
bilaterally. A viral culture from bronchoalveolar lavage was 
positive for herpes simplex virus. Parenteral therapy with 
acyclovir was started. The patient was at increased risk of 
developing which of the following adverse effects as a result 
of this therapy? 

A. Hepatic cirrhosis 

B. Renal failure 

C Hemolytic anemia 

D. Neutropenia 

E. Agranulocytosis 

F. Pancreatitis 


Difficulty level: Easy 

11 . A 74-year-old diabetic woman was brought to the emer- 
gency department with fever (102.7°F, 39.3°Q, shaking chills, 
cough, headache, and malaise. Physical examination showed 
profound dyspnea, and rales were audible on auscultation 
of both lungs. Chest x-ray showed bilateral infiltrates, and 
blood gas analysis revealed significant hypoxia. AGram stain 
of the sputum showed no bacteria. Fluorescent antibodies 
identified influenza A virus on cells of nasal aspirates. An 
appropriate therapy was started that included a drug that 
acts by inhibiting viral uncoating. Which of the following 
drugs was most likely given? 

A. Foscarnet 

B. Ganciclovir 
C Zidovudine 

D. Amantadine 

E. Cidofovir 

F. Indinavir 

Difficulty level: Easy 

12 . A34-year-old man presented to the clinic with jaundice and 
complaints of incapacitating fatigue and vague intermittent 
abdominal pain for the past month. The patient had a his- 
tory of intravenous drug abuse and alcohol abuse. Hepatitis 
serologic tests were positive for hepatitis B surface antigen. 
Which of the following drugs would be appropriate for this 
patient? 

A. Enfuvirtide 

B. Atazanavir 
C Amantadine 

D. Interferon alfa-2a 

E. Ganciclovir 

F. Foscarnet 

Difficulty level: Easy 

13 . A 30-year-old man with AIDS was recently diagnosed with 
cytomegalovirus retinitis, and a therapy with ganciclovir 
was started. Two weeks later, the disease was not much im- 
proved, and the ophthalmologist decided to add a drug that, 
unlike ganciclovir, can directly inhibit DNApolymerase with- 
out requiring activation by phosphorylation. Which of the 
following drugs was most likely prescribed? 

A. Acyclovir 

B. Lopinavir 
C Ribavirin 

D. Foscarnet 

E. Trifluridine 

F. Nevirapine 



Difficulty: Easy 

14 . A23-year-old man had recurrent genital herpes that was ef- 
fectively treated each time by acyclovir. The patient asked 
his physician why the treatment was not able to prevent re- 
currence. Which of the following would be the most appro- 
priate answer for the physician to give? 

A. Acyclovir has a very short duration of action. 

B. Recurrence is due to a new contact with infected 
partners. 

C Antiviral drugs have no effect on the latent state of viral 
disease. 

D. Recurrence is due to a hypersensitivity reaction to viral 
proteins. 

E. Resistance to acyclovir is the rule after one cycle of 
therapy. 

Difficulty level: Medium 

15 . A56-year-old man suffering from viral hepatitis Bhad started 
a treatment with interferon alfa-2a, but 9 months later, he 
was still positive for hepatitis B early antigen. The gastro- 
enterologist decided to stop interferon and start another 
drug. Which of the following drugs would be appropriate for 
the patient at this time? 

A. Ganciclovir 

B. Lopinavir 
C Raltegravir 

D. Nevirapine 

E. Didanosine 

F. Lamivudine 

Difficulty level: Easy 

16 . A 34-year-old woman with AIDS was found to have a CD4+ 
lymphocyte count of 45 cells/mm 3 (normal >500 cells/mm 3 ) 
at her last clinic visit. The patient had an extensive history 
of treatment with a variety of antiretroviral drugs and had 
been taking zidovudine, lamivudine, and ritonavir. A tro- 
pism test showed that her HIV used the CCR5 receptor to 
enter the host cells. Therapy was started with a drug that 
prevents entry. Which of the following drugs was most likely 
given? 

A. Ribavirin 

B. Enfuvirtide 
C Didanosine 

D. Maraviroc 

E. Indinavir 

F. Atazanavir 


Difficulty level: Easy 

17 . A35-year-old man with AIDS was found to have a CD4+ lym- 
phocyte count of 190 cells/mm 3 (normal > 500 cells/mm 3 ) at 
his last follow-up visit. The patient had an extensive history 
of treatment with a variety of drug regimens. He was cur- 
rently taking, lopinavir, ritonavir, lamivudine, maraviroc, and 
raltegravir. Which of these drugs acts by inhibiting the viral 
enzyme that uses viral RNAto make a complementary DNA 
copy? 

A. Lopinavir 

B. Ritonavir 
C Maraviroc 

D. Raltegravir 

E. Lamivudine 

Difficulty level: Easy 

18 . A43-year-old man with AIDS complained to his physician of 
multiple painful ulcers on his tongue and palate. Exfoliative 
cytology led to the diagnosis of herpes simplex infection, 
and therapy with oral acyclovir was initiated. Two weeks 
later, no improvement was seen, and the dose of the drug 
was increased, but without success. Which of the following 
was most likely the cause of failure of acyclovir therapy? 

A. Mutation of aspartate protease 

B. Viral transpeptidase deficiency 
C Viral thymidine kinase deficiency 

D. Viral neuraminidase deficiency 

E. Mutation of reverse transcriptase 

Difficulty level: Easy 

19 . A 5 -month-old baby girl born prematurely at 3 1 weeks’ ges- 
tation was found to have bronchopulmonary dysplasia and 
required oxygen administration. A respiratory syncytial virus 
(RSV) outbreak was ongoing in the community, and the 
pediatrician decided to prescribe a drug to prevent RSV in- 
fection. Which of the following drugs would be appropriate 
for this baby? 

A. Raltegravir 

B. Lopinavir 

C Amantadine 

D. Lamivudine 

E. Palivizumab 

F. Trastuzumab 



Difficulty level: Easy 

20 . A 61-year-old woman suffering from the hepatitis B virus 
(HBV) underwent a follow-up examination. She was found 
to have more than 10 5 HBV DNA copies/mL and alanine 
transaminase of 210 U/L (normal 8-20 U/L). Therapy with 
entecavir was started. Inhibition of which of the following 
viral enzymes most likely mediated the therapeutic effect of 
the drug in the patient’s disease? 

A. DNA polymerase 

B. Phosphotransferase 
C RNApolymerase 

D. HIV protease 

E. Thymidine kinase 

F. Neuraminidase 

Difficulty level: Easy 

21 . A47-year-old man with AIDS was found to have a CD4+ lym- 
phocyte count of 170 cells/mm 3 (normal > 500 cells/mm 3 ) 
at his last clinic visit. The patient had an extensive history 
of treatment with a variety of antiretroviral drugs and had 
been currently taking abacavir, lamivudine, and atazanavir. 
The physician decided to add enfuvirtide to the current ther- 
apy. Which of the following steps of the viral growth cycle 
was most likely inhibited by the prescribed drug? 

A. Entry 

B. Unco at in g 

C Transcription 

D. Translation 

E. Proteolytic cleavage 

F. Assembly 

Difficulty level: Medium 

22. A 40-year-old man was recently found to be HIV positive, 
and he started a highly active antiretroviral therapy (HAART) 
with lamivudine, stavudine, and atazanavir. Which of the 
following two steps in the HIV growth cycle were specifi- 
cally affected by this drug regimen? 

A. Entry and proteolytic cleavage 

B. Entry and uncoating 

C Transcription and attachment 

D. Attachment and uncoating 

E. Transcription and proteolytic cleavage 

Difficulty level: Easy 

23 . A 32-year-old woman visited her physician complaining of 
very painful blisters on her abdomen. Physical examination 
showed localized blisters on her left abdomen consistent with 
a cutaneous zoster infection. Therapy with acyclovir was 
started. Which of the following enzymes was most likely 
inhibited by the administered drug? 


A. Transpeptidase 

B. DNApolymerase 
C Aspartate protease 

D. Reverse transcriptase 

E. Neuraminidase 

F. Integrase 

Difficulty level: Easy 

24 . A 71-year-old man was brought to the emergency depart- 
ment because of fever (103.2°F, 39.6°C), chills, dyspnea, and 
generalized aches in his back and legs. Social history of the 
patient was significant for an outbreak of flu in the commu- 
nity. A clinical diagnosis of influenza was made, and treat- 
ment with a neuraminidase inhibitor was started. Which of 
the following actions most likely mediated the therapeutic 
effect of the drug in the patient’s disease? 

A. Prevention of virus release from infected cells 

B. Blockade of fusion of the virus with the host cell 
C Inhibition of viral transcription 

D. Inhibition of viral proteolytic cleavage 

E. Inhibition of viral protein synthesis 

Difficulty level: Medium 

25. A 3 1 -year-old man with AIDS was recently diagnosed with 
cytomegalovirus pneumonia. The patient’s current medica- 
tions included zidovudine, didanosine, and atazanavir. In- 
travenous therapy with ganciclovir was started. Which of 
the following adverse effects would be predicted to be most 
likely to occur due to the concurrent administration of gan- 
ciclovir and the antiretroviral drugs? 

A. Anemia and neutropenia 

B. Retinal detachment 
C Cataract 

D. Sexual dysfunction 

E. Hyperglycemia 

F. Lactic acidosis 

Difficulty level: Medium 

26. A 34-year-old woman with AIDS had been taking an anti- 
retroviral therapy that included zalcitabine and stavudine. 
Which of the following adverse effects would be predicted 
to be most likely, as it is shared by both drugs? 

A. Nephrolithiasis 

B. Myelosuppression 
C Hallucinations 

D. Peripheral neuropathy 

E. Altered body fat distribution 



Difficulty level: Easy 

27. A 35-year-old man recently diagnosed with herpes simplex 
keratitis started a topical therapy with eye drops. Which of 
the following drugs would be appropriate for this patient? 

A. Adefovir 

B. Lopinavir 
C Nevirapine 

D. Zidovudine 

E. Trifluridine 

F. Zanamivir 

Difficulty level: Medium 

28 . A 35-year-old HIV-positive man presented for a follow-up 
visit. His CD4+ lymphocyte count was 350 cells/mm 3 (nor- 
mal > 500 cells/mm 3 ). A highly active antiretroviral therapy 
(HAART) was initiated. Which of the following triple-drug 
regimens was most likely used? 

A. Flucytosine + acyclovir + atazanavir 

B. Didanosine + ganciclovir + zidovudine 
C Vidarabine + foscarnet + didanosine 

D. Ribavirin + atazanavir + zidovudine 

E. Zidovudine + didanosine + atazanavir 

Difficulty level: Easy 

29 . A34-year-old pregnant woman was admitted to the hospital 
at term for delivery. Two weeks earlier, the woman was diag- 
nosed with asymptomatic HIV. An oral dose of nevirapine 
was given to the woman at the onset of labor. Which of the 
following best explains the reason for this administration? 

A. To start a highly effective antiretroviral therapy 

B. To reduce AIDS symptoms in the near future 
C To prevent bleeding after delivery 

D. To prevent HIV transmission in the newborn 

E. To prevent respiratory distress syndrome in the newborn 

Difficulty level: Medium 

30 . A 3 1-year-old HIV-positive man at a routine clinic visit was 
found to have a CD4+ lymphocyte count of 122 cells/mm 3 
(normal > 500 cells/mm 3 ). A highly active antiretroviral ther- 
apy was started that included a drug that does not require 
phosphorylation to become active. Which of the following 
is an antiretroviral drug with this property? 

A. Efavirenz 

B. Foscarnet 
C Stavudine 

D. Lamivudine 

E. Abacavir 

F. Didanosine 


Difficulty level: Easy 

31 . A 3 4-year-old man with AIDS presented to the clinic because 
of fever (103.4°F, 39.7°C), malaise, myalgias, nausea, and di- 
arrhea. Three weeks earlier, the patient had started a highly 
active antiretroviral therapy. He stated that the symptoms 
were most prominent several hours after each dose and that 
they seemed to be getting progressively worse with each 
dose. Physical examination disclosed a fine maculopapular 
rash over his face, trunk, and arms. Which of the following 
drugs most likely caused the patient’s syndrome? 

A. Zidovudine 

B. Rib avirin 
C Foscarnet 

D. Abacavir 

E. Lamivudine 

F. Zanamivir 

Difficulty level: Medium 

32 . A 12-day-old premature baby boy developed a poor feeding 
pattern, irritability, and respiratory distress. His mother, 
who had suffered several episodes of genital herpes, had 
presented to the hospital in labor with premature rupture of 
the membranes. Physical examination of the baby revealed 
several small vesicular skin lesions located on the scalp, and 
dendritic keratitis was present in both eyes. Which of the 
following drugs would be appropriate to include in the ther- 
apeutic treatment of this baby? 

A. Atazanavir 

B. Acyclovir 
C Zidovudine 

D. Pentamidine 

E. Fluconazole 

F. Metronidazole 

Difficulty level: Easy 

33 . A 25-year-old man recently diagnosed with AIDS started an 
antiretroviral therapy that included atazanavir. Which of the 
following steps of the viral growth cycle was primarily in- 
hibited by this drug? 

A. Entry 

B. Uncoating 

C Transcription 

D. Translation 

E. Proteolytic cleavage 

F. Assembly 



Difficulty level: Easy 

34 . A 39-year-old man with AIDS was taking an antiretroviral 
therapy that included a drug with a pronounced inhibitory 
effect on CYP3A4. Which of the following drugs most likely 
has this inhibitory action? 

A. Atazanavir 

B. Zidovudine 
C Lam ivu dine 

D. Ritonavir 

E. Enfuvirtide 

Difficulty level: Elard 

35 . A 71-year-old woman was admitted to the hospital with 
a 2-day history of progressive dyspnea, fever, cough, and 
wheezing. A chest radiograph was normal, but a bronchos- 
copy showed marked erythema of the trachea and bronchi, 
with multiple ulcerations. Abronchial biopsy confirmed the 
diagnosis ofherpetic tracheobronchitis. The patient received 
intravenous acyclovir for 3 days, but no improvement was 
seen. Resistance to acyclovir was suspected, and an alterna- 
tive drug was given intravenously. Which of the following 
drugs would be most appropriate for the patient at this time? 

A. Foscarnet 

B. Atazanavir 
C Amantadine 

D. Zidovudine 

E. Trifluridine 

Difficulty level: Easy 

36 . A43-year-old woman with AIDS started a highly active anti- 
retroviral therapy with zidovudine, lamivudine, and ataza- 
navir. Which of the following reasons best explains an 
important rationale for triple therapy in AIDS patients? 

A. To destroy both the replicating and nonreplicating viral 
genome 

B. To increase the half-life of any one of the agents 
C To delay the appearance of drug resistance 

D. To inhibit each other’s drug metabolism 

E. To expand the antimicrobial efficacy to opportunistic 
infections 

Difficulty level: Hard 

37 . A 43-year-old HIV-positive woman was admitted to the 
hospital with a 2-day history ofnausea, vomiting, and severe 
epigastric pain radiating through to the back. The woman 
had been taking an antiretroviral therapy for 3 months. Vital 


signs on admission were: blood pressure 100/50 mm Hg, 
heart rate 130 bpm, respirations 32/min and shallow. Physi- 
cal examination showed an acutely ill and sweaty patient 
with abdominal distention, tenderness in the epigastric area, 
and absent bowel sounds. Lab results on admission revealed 
serum amylase of 520 IU/L (normal <115 IU/L). A prelimi- 
nary diagnosis was made. Which of the following antiviral 
drugs most likely caused the patient’s disorder? 

A. Zidovudine 

B. Lamivudine 
C Didanosine 

D. Abacavir 

E. Ribavirin 

F. Acyclovir 

Difficulty level: Medium 

38 . A 5-year-old girl was admitted to the emergency depart- 
ment because of fever (102°F, 38.8°C) and disorientation in 
time and space. Soon after admission, the patient had a 
seizure. Ceftriaxone and dexamethasone were initiated, but 
the next day, the patient became lethargic and lapsed into 
a coma. Examination of the cerebrospinal fluid revealed no 
bacteria. A computed tomography scan of the head showed 
decreased density in a small area of the right parietal lobe of 
the brain. Intravenous acyclovir was started, and 5 days later, 
the child was alert, responsive, and actively moving. Which 
of the following diseases most likely caused the patient’s 
signs and symptoms? 

A. Neisseria meningitis 

B. Toxoplasmic encephalitis 
C Cryptococcal meningitis 

D. Cytomegalovirus encephalitis 

E. Herpes encephalitis 

Difficulty level: Medium 

39 . A 41-year-old woman with AIDS started a highly active 
antiretroviral therapy that included abacavir and efavirenz. 
Which of the following adverse effects would most likely be 
predicted because it was shared by both drugs? 

A. Erythematous skin rash 

B. Hallucinations 
C Liver cirrhosis 

D. Pancreatitis 

E. Macrocytic anemia 

F. Lactic acidosis 



Difficulty level: Medium 

40 . A23-year-old woman with AIDS came to the clinic complain- 
ing of floating spots in her vision and difficulty in reading. 
Funduscopic examination revealed the presence of alternat- 
ing areas of hemorrhagic tissue and fluffy white patches in 
the proximity of the retinas of both eyes, consistent with 
hemorrhagic retinitis. Which of the following drugs would 
be appropriate for the treatment of the patient’s ocular 
disorder? 

Questions: VIII- 7 Antiprotozoal Drugs 

Directions for questions 1-5 

Match each antiprotozoal drug with the appropriate description 
(each lettered option can be selected once, more than once, or not 
at all). 

A. Chloroquine 

B. Clindamycin 
C Doxycycline 

D. Iodoquinol 

E. Mefloquine 

F. Metronidazole 

G. Paromomycin 

H. Primaquine 

I. Pyrimethamine 

J. Quinine 

K. Sodium stibogluconate 
L Sulfadoxine 

M. Nifurtimox 

Difficulty level: Easy 

1. An effective blood schizonticide also used in the treatment 
of rheumatoid arthritis 

Difficulty level: Easy 

2. This drug can kill most anaerobic bacteria and anaerobic 
protozoa. 

Difficulty level: Easy 

3. An antimalarial drug with a very long half-life (about 20 days) 
Difficulty level: Easy 

4 . This antimalarial drug can kill the late tissue schizonts of 
Plasmodium vivax and Plasmodium ovale. 

Difficulty level: Easy 

5. The first-line agent to treat acute American trypanosomiasis 
(Chagas disease) 


A. Amantadine 

B. Rib avirin 
C Ganciclovir 

D. Lopinavir 

E. Gentamicin 

F. Doxycycline 


Difficulty level: Easy 

6. A45-year-old male reporter who was about to leave for Hon- 
duras started a prophylactic antimalarial treatment with chlo- 
roquine. Which of the following molecular actions most likely 
mediated the prophylactic effect of the drug in this man? 

A. Inhibition of dihydropteroate synthase 

B. Blockade of translocation of peptidyl transfer RNA (tRNA) 
C Incorrect amino acid incorporation into the polypeptide 

chain 

D. Inhibition of DNA-dependent RNApolymerase 

E. Prevention of polymerization of free heme into hemozoin 

Difficulty level: Easy 

7. A 55-year-old man who was about to leave for a vacation trip 
to Central Africa started a prophylactic treatment with meflo- 
quine. Which of the following plasmodia can be effectively 
killed by the drug? 

A. Plasmodium vivax hypnozoites 

B. P falciparum gametocytes 
C P. vivax tissue schizonts 

D. P. falciparum tissue schizonts 

E. P. malariae blood schizonts 

F. P. malariae tissue schizonts 

Difficulty level: Easy 

8. A 43-year-old man who was about to leave for a vacation in 
the Amazon basin was advised by his physician to take malar- 
one (atovaquone and proguanil) as a prophylactic measure, 
as chloroquine resistance was widespread in those regions. 
Which of the following reasons best explains the likely mech- 
anism of plasmodial resistance to chloroquine? 

A. Increased inactivation of the drug 

B. Increased activity of the DNArepair mechanism 
C Increased drug transport out of plasmodia cells 

D. Decreased chloroquine-binding sites on plasmodia cells 

E. Decreased conversion of free heme into hemozoin 



Difficulty level: Easy 

9 . A 45-year-old Black man reported to his physician that a 
few days earlier he had noticed a persistent yellow color in 
his eyes. One week ago, coming back from a trip to Central 
America, the man had started a treatment that included 
primaquine. Blood tests disclosed the following: 

• Red blood cell count: 3.8 x 10 6 /mm 3 (normal, male 4.3-5 .9 
x 10 6 /mm 3 ) 

• Hemoglobin: 9 g/dL(normal, male 13.5-17.5 g/dL) 

• Reticulocytes: 3 .7%of red cells (normal 0.5-1 .5°/ty 

• White blood cell count: 15,000/mm 3 (normal 4500- 
1 1 ,000/ mm 3 ) 

The physician told the patient that he probably had a genet- 
ically induced enzyme defect that could explain his blood 
test results. Which of the following enzymes was most likely 
abnormal in this patient? 

A. Thymidylate synthase 

B. Uroporphyrinogen decarboxylase 
C Pyruvate kinase 

D. Dihydrofolate reductase 

E. Glucose-6-phosphate-dehydrogenase 

Difficulty level: Medium 

10 . A41-year-old woman who had recently returned from a trip 
to Kenya was admitted to the hospital because of malaise, 
myalgia, abdominal pain, and fever (104°F, 40°C). Recent 
history was significant for two paroxysmal attacks of chills, 
fever, and vomiting. The first attack lasted a day and was fol- 
lowed by a second, 36 hours later. Physical examination re- 
vealed an acutely ill patient complaining ofsevere abdominal 
pain. Palpation showed a tender, soft, and enlarged spleen. 
Examination of a stained blood specimen revealed ringlike 
and crescentlike forms within the red blood cells. Which of 
the following pairs of drugs would be appropriate for this 
patient? 

A. Artesunate and doxycycline 

B. Primaquine and clindamycin 

C Pyrimethamine and metronidazole 

D. Chloroquine and paromomycin 

E. Mefloquine and ciprofloxacin 

Difficulty level: Easy 

11 . A 38-year-old man was planning a vacation to sub-Saharan 
Africa, where chloroquine-resistant strains of Plasmodium 
falciparum are present. Which of the following drug combi- 
nations would be appropriate to prevent malaria infection in 
this man? 


A. Primaquine-quinine 

B. Mefloquine-metronidazole 
C Atovaquone-proguanil 

D. Doxycycline-iodoquinol 

E. Chloroquine-paromomycin 

Difficulty level: Medium 

12 . A 30-year-old epileptic woman presented to the clinic with 
a 5-day history of loose stools containing bloody mucus. 
Upon physical examination, her abdomen was soft but non- 
tender. Laboratory examination of fresh stool showed En- 
tamoeba histolytica trophozoites. A computed tomography 
scan was negative for gut wall or liver amebiasis. Which of 
the following drugs would be appropriate for this patient? 

A. Metronidazole 

B. Chloroquine 
C Clindamycin 

D. Paromomycin 

E. Pyrimethamine 

F. Sulfadoxine 

Difficulty level: Medium 

13 . A 30-year-old man with AIDS was admitted to the hospital 
with the preliminary diagnosis of pneumonia. Further tests 
led to the diagnosis of toxoplasmosis, and an appropriate 
combination therapy was started. Inhibition of which of the 
following protozoal enzymes most likely mediated the thera- 
peutic effect of the therapy in this patient? 

A. Purine phosphoribosyl transferase 

B. Ornithine decarboxylase 
C Ferredoxin oxidoreductase 

D. Glucose-6-phosphate dehydrogenase 

E. Dihydrofolate reductase 

Difficulty level: Easy 

14 . A 31-year-old man returning from a trip to Malaysia was 
admitted to the hospital with a 2-day history of fever, chills, 
and bouts of diarrhea. A Giemsa blood smear demonstrated 
Plasmodium vivax trophozoites. The patient was placed on 
chloroquine for 5 days and was then instructed to take an- 
other drug for 14 days. Which of the following drugs would 
be appropriate for the 14 days of therapy? 

A. Primaquine 

B. Mefloquine 
C Quinidine 

D. Pyrimethamine 

E. Doxycycline 

F. Sulfadoxine 



Difficulty level: Medium 

15 . A 29-year-old married woman complained to her physician 
of soreness of her vulva and pain during intercourse. Further 
tests led to a definitive diagnosis, and an appropriate ther- 
apy was started. The prescribed antibiotic acts by damaging 
microbial DNA through a highly reactive nitro radical anion. 
Which of the following drugs was most likely administered 
to the patient and to her husband? 

A. Ampicillin 

B. Gentamicin 
C Erythromycin 

D. Metronidazole 

E. Cefoperazone 

Difficulty level: Medium 

16 . A 38-year-old woman who had recently returned from a 
vacation in Greece developed a red papule on her right arm 
that enlarged slowly and began to ulcerate but caused no 
pain. A few days later, multiple skin lesions developed. A 
smear taken from the skin lesions demonstrated the pres- 
ence of amastigotes. Which of the following drugs would be 
most appropriate for this patient? 

A. Metronidazole 

B. Sodium stibogluconate 
C Doxycycline 

D. Ceftriaxone 

E. Chloroquine 

F. Clindamycin 

Difficulty level: Medium 

17 . A 3 1 -year-old homosexual man presented to the clinic with 
a 1 0-day history of abdominal pain and multiple brown, wa- 
tery stools. Physical examination revealed a tall man with 
abdominal distress. Vital signs were blood pressure 125/75 
mm Hg, pulse 78 bpm, temperature 103.5°F (39.7°C). His ab- 
domen was slightly distended with a tender mass palpable 
in the lower right quadrant, which an ultrasound examina- 
tion revealed to be an abdominal abscess. A serologic test 
was positive for Entamoeba histolytica. Which of the follow- 
ing pairs of drugs would be appropriate for this patient? 

A. Metronidazole and iodoquinol 

B. Chloroquine and clindamycin 

C Metronidazole and pyrimethamine 

D. Doxycycline and iodoquinol 

E. Chloroquine and ciprofloxacin 

F. Pyrimethamine and ciprofloxacin 


Difficulty level: Medium 

18 . A 1700-g (3.8-lb) preterm female newborn presented with 
hydrocephalus and seizures. Further tests led to the diagno- 
sis of congenital toxoplasmosis, and an appropriate therapy 
was started. Which of the following drug combinations would 
be most appropriate for this baby? 

A. Gentamicin and piperacillin 

B. Sulfadiazine and pyrimethamine 
C Vancomycin and ceftazidime 

D. Isoniazid and rifampin 

E. Streptomycin and tetracycline 

Difficulty level: Medium 

19 . A 5 1 -year-old alcoholic woman complained to her physician 
of abdominal discomfort and occasional foul-smelling diar- 
rhea alternating with constipation for the past 3 weeks. The 
symptoms started after her return from a vacation trip to 
Guatemala. Heart-shaped trophozoites with four pairs of fla- 
gella and round cysts were observed in her stool specimen. 
Which of the following drugs would be most appropriate to 
prescribe to this patient? 

A. Paromomycin 

B. Metronidazole 
C Primaquine 

D. Ciprofloxacin 

E. Pyrimethamine 

F. Fluconazole 

Difficulty level: Easy 

20 . A 34-year-old black man living in the United States was 
planning to visit his seriously ill father who lives in Uganda. 
He was going to be accompanied by his wife and son. Know- 
ing that chloroquine-resistant strains of malaria are present 
in Uganda, which of the following drugs used alone would 
be the most appropriate prophylaxis for the man, his wife, 
and their son before entering Uganda? 

A. Primaquine 

B. Metronidazole 
C Pyrimethamine 

D. Mefloquine 

E. Chloroquine 

F. Quinine 



Difficulty level: Medium 

21 . A 32-year-old woman complained to the nurse of a sudden 
increase in her heart rate. Four days earlier, the woman, who 
had recently returned from a trip to Uganda, was hospital- 
ized with the presumptive diagnosis ofmalaria. The woman 
had been suffering from anorexia nervosa for 1 year. The 
Plasmodium vivax infection was confirmed, and the patient 
started an appropriate therapy. An electrocardiogram led to 
the diagnosis of torsades de pointes. Which of the following 
drugs most likely caused the patient’s arrhythmia? 

A. Quinine 

B. Chloroquine 
C Metronidazole 

D. Iodoquinol 

E. Artesunate 

F. Pyrimethamine 

Questions: VIII-8 Anthelmintic Drugs 

Directions for questions 1-5 

Match each anthelmintic drug with the appropriate description 
(each lettered option can be selected once, more than once, or not 
at all). 

A. Albendazole 

B. Diethylcarbamazine 
C Ivermectin 

D. Mebendazole 

E. Praziquantel 

F. Pyrantel pamoate 

Difficulty level: Easy 

1. The agent of choice for echinococcosis 
Difficulty level: Easy 

2 . Adrug active against most trematodes and cestodes 
Difficulty level: Easy 

3. A benzimidazole derivative with less than 10% oral bio- 
availability 

Difficulty level: Easy 

4 . The agent of choice for onchocerciasis 
Difficulty level: Easy 

5. This drug most likely acts by increasing worm cell permea- 
bility to Ca 2+ . 


Difficulty level: Easy 

22. A 44-year-old woman complained to her physician that the 
drug she was taking caused an oral thrush. One week earlier, 
the woman was diagnosed with amebiasis and started an 
appropriate treatment. Examination ofthe oral cavity showed 
white patches of a cheesy substance on a friable oral mucosa. 
Which ofthe following drugs most likely caused the adverse 
effect in this patient? 

A. Paromomycin 

B. Iodoquinol 
C Tobramycin 

D. Metronidazole 

E. Mebendazole 

F. Fluconazole 


Difficulty level: Easy 

6. A 14-year-old boy living in a rural area ofthe southern United 
States was diagnosed with strongyloidiasis. Treatment with 
ivermectin was started. Which of the following molecular ac- 
tions on the worm cells most likely mediated the therapeutic 
effect ofthe drug in this patient? 

A. Inhibition of DNApolymerase 

B. Blockade of nicotinic receptors 
C Inhibition of protein synthesis 

D. Activation CD channels 

E. Increased membrane Ca 2+ permeability 

Difficulty level: Easy 

7. A 56-year-old homeless man living in a poor area of southern 
California was seen at a local clinic because of abdominal pain, 
nausea, and vomiting over the past 12 hours. Physical exam- 
ination revealed a malnourished man with diffuse abdominal 
tenderness. Stool exam showed numerous eggs of Ascaris 
lumbricoides and Trichuris trichiura, as well as rhabditiform 
larvae of Strongyloides stercoralis. An appropriate treatment 
was ordered. Which of the following drugs would be most 
appropriate to treat the patient’s mixed worm infection? 

A. Metronidazole 

B. Diethylcarbamazine 
C Ivermectin 

D. Praziquantel 

E. Mebendazole 



Difficulty level: Medium 

8. A 10-year-old boy who recently moved from India to the 
United States was admitted to the hospital with fever 
(103.4°F, 39.6°C) and acute lymphedema of the scrotum. 
Further exams led to the diagnosis of bancroftian filariasis, 
and pharmacotherapy was prescribed. Which of the follow- 
ing drugs would be most appropriate for this boy? 

A. Mebendazole 

B. Praziquantel 
C Metronidazole 

D. Chloroquine 

E. Diethylcarbamazine 

Difficulty level: Medium 

9 . A 5-year-old boy was seen in his pediatrician’s office. His 
mother said the boy had been very irritable and complained 
of abdominal discomfort and perianal pruritus on two occa- 
sions the previous week. The mother also noticed some very 
small motile worms in the boy’s stools. Exam of a cellophane 
tape swab placed over the perianal skin demonstrated trans- 
lucent eggs. Which of the following drugs would be appro- 
priate for this child? 

A. Ivermectin 

B. Praziquantel 

C Pyrimethamine 

D. Metronidazole 

E. Mebendazole 

F. Diethylcarbamazine 

Difficulty level: Medium 

10 . A 3 1-year-old man was seen at a clinic with fever (103.2°F, 
39.5 °C), chills, nausea, abdominal pain, myalgia, and urticaria 
rashes. The man had taken a vacation trip to the Amazon 
River 4 weeks earlier. Stool exams upon admission disclosed 
eggs with a lateral spine and miracidium larvae inside. A 
diagnosis was made, and a pharmacotherapy was started. 
Which of the following pairs correctly matches the most 
likely offending pathogen with the appropriate treatment? 

A. Schistosoma mansoni: praziquantel 

B. Taenia solium : metronidazole 

C Echinococcus granulosus: ivermectin 

D. Enterobius verm icularis: praziquantel 

E. Necator americanus: m etronidazole 

F. Diphyllobothrium latum : ivermectin 


Difficulty level: Easy 

11 . A 24-year-old man living in the US Great Lakes region was 
recently diagnosed with diphyllobothriasis. The physician 
prescribed a single tablet of praziquantel. Which of the fol- 
lowing molecular actions on the worm cells most likely 
mediated the therapeutic effect of the drug in this patient? 

A. Activation of topoisomerase II 

B. Blockade of muscarinic receptors 

C Inhibition of gamma-aminobutyric acid (GABA)-mediated 
neurotransmission 

D. Increased membrane permeability to calcium 

E. Activation of GABA-mediated neurotransmission 

Difficulty level: Easy 

12 . A 6-year-old girl who was living in a rural area of Texas was 
recently diagnosed with trichuriasis. Tablets ofmebendazole 
were prescribed for 3 days. Which of the following molecu- 
lar actions on the worm cells most likely mediated the ther- 
apeutic effect of the drug in this patient? 

A. Stimulation of nicotinic receptors at the neuromuscular 
junction 

B. Inhibition of dihydrofolate reductase 

C Enhancement of gamma-aminobutyric acid (GABA)- 
mediated neurotransmission 

D. Inhibition of heme polymerase 

E. Increased membrane permeability to calcium 

F. Inhibition of microtubule polymerization and assembly 

Difficulty level: Medium 

13 . A 53-year-old woman who had spent most of her adult life 
as a missionary in Senegal was referred to an ophthalmolo- 
gist for evaluation of diminished visual acuity. An eye exam 
showed sclerosing keratitis and chorioretinal lesions. Phys- 
ical examination disclosed firm, nontender subcutaneous 
nodules on her elbows, iliac bones, and knees. A skin biopsy 
showed microfilariae. Which of the following drugs would 
be appropriate for this patient? 

A. Diethylcarbamazine 

B. Praziquantel 
C Ivermectin 

D. Fluconazole 

E. Metronidazole 



Difficulty level: Medium 

14 . A 32-year-old woman who recently moved to the United 
States from Japan was seen at the clinic because of dyspnea, 
chest pain, and blood in her sputum. Chest x-rays showed a 
diffuse infiltrate with pleural effusion. Lab exam of sputum 
was negative for pathogen bacteria but disclosed numerous 
large operculated eggs. A presumptive diagnosis was made, 
and pharmacotherapy was started. Which of the following 
drugs would be appropriate for this patient? 

A. Metronidazole 

B. Mebendazole 

C Diethylcarbamazine 

D. Ivermectin 

E. Praziquantel 

Difficulty level: Medium 

15 . A 7-year-old girl who was living in a poor sanitation area of 
Mexico was brought by her mother to the family physician’s 
office. The mother reported that the previous day, the girl 
had complained of abdominal cramps and was frightened 
by seeing some large, motile worms in her stools. Which of 
the following drugs would be appropriate for this girl? 

A. Primaquine 

B. Mebendazole 
C Fluconazole 

D. Metronidazole 

E. Praziquantel 

F. Mefloquine 

Difficulty level: Easy 

16 . A41-year-old man was admitted to the hospital with fever 
(103. 5 °F, 39.7°C), dizziness, prostration, skin rashes, tachy- 
cardia, hypotension, and pain in the muscles, joints, and 
lymph glands. The man, who had lived in Guatemala for sev- 
eral years, was recently diagnosed with onchocerciasis and 
had started an appropriate medical therapy the day before. 
Which of the following drugs most likely caused the patient’s 
syndrome? 

A. Ivermectin 

B. Praziquantel 
G Mebendazole 

D. Ketoconazole 

E. Amphotericin B 

F. Mefloquine 

Difficulty level: Medium 

17 . A45-year-old man who raised sheep in California complained 
to his physician of abdominal pain over the past 3 days. 
Physical examination disclosed an abdominal mass, and a 
subsequent computed tomography scan showed a large liver 


cyst. Aspiration of the cyst revealed hydatid sand. Pharma- 
cotherapy was started, and the patient was scheduled for 
surgical removal of the cyst. Which of the following drugs 
would be appropriate for the patient at this time? 

A. Metronidazole 

B. Chloroquine 
C Ivermectin 

D. Diethylcarbamazine 

E. Albendazole 

F. Ketoconazole 

Difficulty level: Medium 

18 . A 13-year-old boy who had recently moved from Costa Rica 
to Los Angeles complained to the school nurse of vague ab- 
dominal pain and that he kept seeing “white noodle-like” 
objects in his stools. Examination of a cellophane tape swab 
placed over the perianal area and stool samples demon- 
strated proglottids and numerous free eggs. Which of the 
following drugs would be appropriate for this boy? 

A. Ivermectin 

B. Artemisin 

C Praziquantel 

D. Metronidazole 

E. Amphotericin B 

F. Fluconazole 

Difficulty level: Medium 

19 . A 10-year-old boy who was living in a poor rural area of 
the southeastern United States was seen at a clinic because 
of weakness, tachycardia, abdominal cramps, and diarrhea 
over the past 2 days. Physical examination disclosed a pale 
boy with evident signs of growth retardation. Blood tests 
revealed hypochromic-microcytic anemia, eosinophilia, and 
thrombocytopenia. Astool analysis showed occult blood and 
numerous thin-shelled oval eggs in the four-cell stage of seg- 
mentation. Adiagnosis was made, and a medical therapy was 
prescribed. Which of the following pairs correctly matches 
the most likely offending pathogen with the appropriate 
treatment? 

A. Schistosoma mansoni: ivermectin 

B. Onchocerca volvulus: metronidazole 
C Ascaris lumbricoides: metronidazole 

D. Enterobius vermicularis: ivermectin 

E. Necator am ericanus: mebendazole 

F. Diphyllobothrium latum : mebendazole 

Difficulty level: Easy 

20 . A6-year-old girl recently diagnosed with enterobiasis started 
a treatment with mebendazole, but after two cycles of ther- 
apy, many worms were still found in her stools. The physician 



decided to prescribe an alternative treatment. Which of the 
following drugs would be appropriate for the patient at this 
time? 

A. Pyrantel pamoate 

B. Praziquantel 

G Diethylcarbamazine 

D. Metronidazole 

E. Fluconazole 

Difficulty level: Medium 

21 . A 46-year-old woman was admitted to the emergency de- 
partment with fever (102.2°F, 39°C), diarrhea, poor appetite, 
and fatigue over the past 48 hours. History revealed that 
2 weeks earlier, the woman had been diagnosed with ascari- 
asis and started an appropriate treatment for 3 days. The 
treatment was repeated 4 days before admission. Physical 
examination showed a febrile patient with an erythematous 
rash over the chest and trunk. Pertinent blood exam results 
on admission were alanine aminotransferase 350 U/L (nor- 
mal >40 U/L), eosinophils 18%(normal > 3%). Tests for hepa- 
titis A, B, and C were negative. Ultrasound of the abdomen 
was negative. Stools were negative for ova and parasites. A 
liver biopsy showed multiple granulomas with multinucleate 

Questions: VHI-9 Antineoplastic Drugs 

Directions for questions 1-4 

Match each anticancer drug with the appropriate molecular 
mechanism of action (each lettered option can be selected once, 
more than once, or not at all). 

A. Asparaginase 

B. Car mu stine 
C Etoposide 

D. Fluorouracil 

E. Hydroxyurea 

F. Imatinib 

G. Methotrexate 

H. Paclitaxel 

I. Trastuzumab 
J Vincristine 

Difficulty level: Easy 

1. Covalent binding with nucleophilic groups on DNAbases 
Difficulty level: Easy 

2 . Inhibition of ribonucleotide reductase 
Difficulty level: Easy 

3 . Inhibition of thymidylate synthetase 


cells and active inflammation. Which of the following drugs 
most likely caused the patient’s syndrome? 

A. Mebendazole 

B. Praziquantel 

C Diethylcarbamazine 

D. Metronidazole 

E. Fluconazole 

Difficulty level: Medium 

22 . A34-year-old man complained to his physician that the drug 
he was taking caused nausea, abdominal pain, loose stools, 
and itching. Three days earlier, the man had been diagnosed 
with Taenia solium infection and had started an appropriate 
therapy. The physician told the patient that his symptoms 
were common adverse effects of the drug and should sub- 
side in 1 or 2 days. Which of the following drugs most likely 
caused the patient’s symptoms? 

A. Diethylcarbamazine 

B. Ivermectin 

C Pyrantel pamoate 

D. Praziquantel 

E. Metronidazole 

F. Miconazole 


Difficulty level: Easy 

4 . Inhibition of a mutated tyrosine kinase present in certain 
cancer cells 

Difficulty level: Easy 

5. A 63-year-old woman complained to her physician of inter- 
mittent back pain that was worse at night. History revealed 
that the woman had undergone a modified radical mastec- 
tomy 2 years earlier for infiltrating ductal carcinoma of the 
breast that turned out to be HER-2 (human epidermal growth 
factor receptor 2) positive. A computed tomography scan re- 
vealed bone metastases, and she was scheduled for high-dose 
combination chemotherapy. Which of the following drugs was 
most likely included in her treatment regimen? 

A. Clomiphene 

B. Leuprolide 
C Trastuzumab 

D. Flutamide 

E. Asparaginase 

F. Finasteride 



Difficulty level: Easy 

6. A 15-year-old boy suffering from acute lymphoblastic leuke- 
mia received a consolidation anticancer therapy that included 
high-dose methotrexate. Leucovorin was also given after 
methotrexate. Which of the following concepts specifically 
underlies this therapeutic strategy? 

A. log kill 

B. Recruitment 
C Pulsing 

D. Combined modality strategy 

E. Rescue therapy 

Difficulty level: Easy 

7 . A 52-year-old woman recently diagnosed with malignant 
glioblastoma received radiation therapy followed by a cycle 
of combination therapy that included carmustine. Which of 
the following statements best explains why carmustine is most 
often used to treat central nervous system neoplasms? 

A. It inhibits only neuronal tumor cells. 

B. It can easily enter the brain. 

C It has negligible neurologic adverse effects. 

D. It is taken up into neurons by the amine pump. 

E. It has a very long half-life (10 days). 

Difficulty level: Easy 

8. A 61 -year-old woman with advanced Hodgkin lymphoma 
began chemotherapy with the ABVD (doxorubicin, bleo- 
mycin, vinblastine, and dacarbazine) regimen. Which of the 
following molecular actions most likely mediated the thera- 
peutic effect of doxorubicin in the patient’s disease? 

A. It intercalates between DNA strands and inhibits to- 
poisomerase II. 

B. It prevents microtubule disassembly into tubulin 
monomers. 

C It prevents assembly of tubulin dimers into micro- 
tubules. 

D. It alkylates nucleophilic groups on DNAbases. 

E. It blocks the synthesis of both ribonucleotides and 
deoxynucleotides. 

Difficulty level: Easy 

9 . A 47-year-old man with non-Hodgkin lymphoma was ad- 
mitted to the hospital to receive his fourth cycle of CHOP 
(cyclophosphamide, doxorubicin, vincristine, and prednisone) 
regimen plus rituximab. Physical examination revealed tachy- 
cardia, shortness of breath that worsened soon after lying 
flat, neck vein distention, pulmonary rales, and ankle edema. 
Which of the following drugs most likely caused these ad- 
verse effects? 


A. Cyclophosphamide 

B. Doxorubicin 
C Prednisone 

D. Vincristine 

E. Rituximab 

Difficulty level: Medium 

10 . A 13-year-old boy was admitted to the hospital with a 10- 
day history of fever, general malaise, dizziness, and nose- 
bleed. He had a 1-week history of an upper respiratory tract 
infection. A blood test revealed normochromic, normocytic 
anemia, and a differential white blood cell count showed 
1 l%lymphoblasts. Abone marrow biopsy showed 95%lym- 
phoblasts. Which of the following pairs of drugs would be 
most appropriate for the patient at this time? 

A. Cisplatin and etoposide 

B. Flutamide and goserelin 

C Vincristine and prednisone 

D. Tamoxifen and anastrozole 

E. Fluorouracil and cisplatin 

Difficulty level: Easy 

11 . A 61-year-old man was found to have recurrent colon can- 
cer. The primary tumor was removed 8 months previously, 
at which time adjuvant chemotherapy with fluorouracil and 
carboplatin was begun. The oncologist suspected that the 
cancer recurrence was related to resistance to fluorouracil. 
Which of the following mechanisms best explains the resis- 
tance to this drug? 

A. Decreased ability to phosphorylate pyrimidines 

B. Decreased activity of the cell efflux pump 

C Increased intracellular concentration of a reduced folate 

D. Decreased activity of topoisomerase 

E. Decreased activity of thymidylate synthase 

Difficulty level: Easy 

12 . A 24-year-old man was admitted to the hospital because of 
abdominal discomfort and shortness of breath. The man 
was diagnosed with testicular cancer 16 month earlier, for 
which he underwent a radical inguinal orchiectomy. An ab- 
dominal computed tomography revealed a 10-cm mass, and 
a chest radiograph showed multiple nodules in the lung. The 
first course of a three-drug combination chemotherapy was 
started. Which of the following drugs was most likely in- 
cluded in the patient’s combination chemotherapy? 

A. Carmustine 

B. Methotrexate 
C Cytarabine 

D. Cisplatin 

E. Mercaptopurine 

F. Asparaginase 



Difficulty level: Easy 

13 . A 26-year-old man complained of numbness in his fingers 
and the soles of his feet. Three weeks previously, he had 
started chemotherapy for acute lymphoblastic leukemia. 
Physical examination showed loss of ankle jerk and depres- 
sion of deep tendon reflexes. Which of the following drugs 
most likely caused the patient’s signs and symptoms? 

A. Vincristine 

B. Prednisone 
C Methotrexate 

D. Mercaptopurine 

E. Doxorubicin 

Difficulty level: Easy 

14 . A 44-year-old man recently diagnosed with Hodgkin lym- 
phoma was about to receive his first MOPP (mechloreth- 
amine, vincristine, procarbazine and prednisone) regimen. 
Which of the following components of this regimen is given 
intravenously and has vesicant activity that may cause tis- 
sue necrosis and sloughing in case of extravasation? 

A. Prednisone 

B. Vincristine 
G Procarbazine 

D. Mechlorethamine 

Difficulty level: Easy 

15 . A 47-year-old woman recently diagnosed with acute my- 
elogenous leukemia started remission chemotherapy with 
daunorubicin and cytarabine. Which ofthe following molec- 
ular actions most likely mediated the therapeutic effect of 
cytarabine in the patient’s disease? 

A. Inhibition of topoisomerase II 

B. Inhibition of DNA chain elongation 
C Inhibition of adenosine deaminase 

D. Inhibition of microtubule assembly 

E. Inhibition of microtubule disassembly 

Difficulty level: Easy 

16 . A 4-year-old boy diagnosed with Wilms tumor underwent 
surgery, followed by 1 8 weeks of vincristine and dactinomy- 
cin therapy. Which of the following molecular actions most 
likely mediated the therapeutic effect of dactinomycin in the 
patient’s disease? 

A. Alkylation of nucleophilic groups on RNAbases 

B. Inhibition of dihydrofolate reductase 
G Inhibition of pyrimidine biosynthesis 

D. Binding to double-stranded DNA 

E. Inhibition of free radical formation 

F. Inhibition of tyrosine kinases 


Difficulty level: Easy 

17 . A 55-year-old man presented to his physician with com- 
plaints of swollen lymph nodes, occasional fevers, and night 
sweats. The biopsy of a supraclavicular lymph node led to 
the diagnosis of diffuse B-cell lymphoma. A standard thera- 
peutic regimen was implemented with cyclophosphamide, 
doxorubicin, vincristine, and prednisone. Which of the fol- 
lowing molecular actions most likely mediated the thera- 
peutic effect of cyclophosphamide in the patient’s disease? 

A. Formation of covalent bonds with DNAbases 

B. Prevention of DNA chain elongation 
G Inhibition of thymidylate synthase 

D. Prevention of DNA resealing 

E. Inhibition of microtubule assembly 

Difficulty level: Easy 

18 . A 59-year-old woman recently diagnosed with stage IV ade- 
nocarcinoma of the lung started the first cycle of anticancer 
chemotherapy. The regimen included a drug that binds to 
tubulin and prevents microtubule disassembly. Which of the 
following drugs has this mechanism of action? 

A. Asparaginase 

B. Trastuzumab 
G Paclitaxel 

D. Methotrexate 

E. Cytarabine 

F. Hydroxyurea 

Difficulty level: Easy 

19 . A 53-year-old man recently diagnosed with small cell lung 
cancer started chemotherapy with cisplatin and etoposide. 
Which of the following molecular actions most likely me- 
diated the therapeutic effect of etoposide in the patient’s 
disease? 

A. Inhibition of dihydrofolate reductase 

B. Inhibition of thymidylate synthase 

G Prevention of resealing of nicked strands of DNA 

D. Alkylation of nucleophilic groups on RNAbases 

E. Inhibition of microtubule disassembly 



Difficulty level: Easy 

20 . A 60-year-old man was admitted to the hospital with fever 
(100.1°F, 38.4°C), dyspnea, and nonproductive cough. Two 
weeks earlier, the patient had completed five courses of che- 
motherapy with cyclophosphamide, doxorubicin, vincristine, 
prednisone, and bleomycin for large-cell lymphoma. Chest 
x-ray showed diffuse bilateral infiltrates, and a lung biopsy 
revealed inflammation and fibrosis with no evidence oflym- 
phoma. Bacterial, fungal, and viral cultures were negative. 
Which of the drugs administered to the patient most likely 
caused his pulmonary disorder? 

A. Cyclophosphamide 

B. Doxorubicin 
C Vincristine 

D. Prednisone 

E. Bleomycin 

Difficulty level: Easy 

21 . A59-year-old woman with inoperable lung cancer had been 
receiving combination chemotherapy. Lab tests revealed 
the following plasma levels: creatinine 5.5 mg/dL (normal 
0.6-1. 2 mg/dL), blood urea nitrogen (BUN) 45 mg/dL (nor- 
mal 7-1 8 mg/dL), Mg 2+ 0.2 mmol/L(normal 1 .5-2.0 mmol/L). 
Which of the following drugs most likely caused these lab 
result s? 

A. Fluorouracil 

B. Doxorubicin 
C Vincristine 

D. Cisplatin 

E. Paclitaxel 

Difficulty level: Easy 

22 . A 6-year-old boy suffering from acute lymphoblastic leuke- 
mia started combination maintenance therapy. One of the 
administered drugs is inactive in its parent form and must 
be metabolized by the enzyme hypoxanthine-guanine phos- 
phoribosyl transferase into a monophosphate nucleotide. 
Which of the following drugs undergoes this activation? 

A. Methotrexate 

B. Fluorouracil 
G Cytarabine 

D. Asparaginase 

E. Doxorubicin 

F. Mercaptopurine 

Difficulty level: Easy 

23 . A60-year-old man underwent surgery to remove an adeno- 
carcinoma of the colon. Because the regional lymph nodes 


showed evidence of tumor involvement, adjuvant therapy was 
initiated after surgery. Which of the following drugs would 
be most appropriately included in the therapeutic regimen 
of this patient? 

A. Cytarabine 

B. Fludarabine 
C Asparaginase 

D. Hydroxyurea 

E. Fluorouracil 

Difficulty level: Medium 

24 . A 45-year-old man recently diagnosed with small cell lung 
cancer started his first course of combination chemotherapy 
with cisplatin, topotecan, and etoposide. Which of the fol- 
lowing peripheral blood cells most likely decreased first in 
this patient? 

A. Lymphocytes 

B. Platelets 

C Monocytes 

D. Granulocytes 

E. Erythrocytes 

Difficulty level: Easy 

25 . A 50-year-old woman underwent surgery to remove an 
ovarian carcinoma. Following surgery, she started her first 
course of combination chemotherapy in order to eradicate 
the remaining tumor cells. Which of the following pairs of 
drugs were most likely included in her combination regimen? 

A. Mercaptopurine and asparaginase 

B. Methotrexate and hydroxyurea 
C Cytarabine and prednisone 

D. Methotrexate and tamoxifen 

E. Cisplatin and paclitaxel 

Difficulty level: Easy 

26 . A 10-year-old boy suffering from acute lymphoblastic leu- 
kemia started maintenance therapy that included high dose 
methotrexate. Two weeks later, a blood test with differen- 
tial showed a white blood cell count of 1800/mm 3 (normal 
4500-11,000/mm 3 ). The oncologist believed the result was 
related to an excessive dose of methotrexate and ordered 
an antidote agent. Which of the following drugs would be 
appropriate for the patient at this time? 

A. Vitamin B p 

B. Pyridoxine 
C Folic acid 

D. Vitamin B 3 

E. Leucovorin 



Difficulty level: Medium 

27 . A 49-year-old man presented to the clinic with increasing 
fatigue, anorexia, weight loss and widespread ecchymoses. A 
blood test revealed a white blood cell count of 70,000/mm 3 
with 90%myeloblasts, and a bone marrow biopsy showed 
blast cells that made up about 40% of the nucleated cells 
in the marrow (normal < 5%). A diagnosis was made and a 
pharmacotherapy was prescribed. Which of the following 
drugs should be included in the initial treatment of this 
patient? 

A. Cisplatin 

B. Paclitaxel 
C Bleomycin 

D. Cytarabine 

E. Fluorouracil 

Difficulty level: Medium 

28 . A 32-year-old man recently diagnosed with acute myeloge- 
nous leukemia received standard remission chemotherapy 
with daunorubicin and cytarabine. Drug dosage was maxi- 
mized to a toxicity limit of a 2-log decrease in blood plate- 
lets. Which of the following represents the percentage of 
platelets killed by the drug regimen? 

A. 99.9% 

B. 99% 

C 90% 

D. 80% 

E. 70% 

Difficulty level: Easy 

29 . A 10-year-old hospitalized boy complained of tinnitus and 
hearing loss. The boy had been diagnosed with neuroblas- 
toma and was receiving his first course of combination che- 
motherapy. Which of the following drugs most likely caused 
the patient’s symptoms? 

A. Cyclophosphamide 

B. Vincristine 
C Doxorubicin 

D. Dactinomycin 

E. Cisplatin 

Difficulty level: Medium 

30 . A 42-year-old man with stage III Hodgkin lymphoma re- 
ceived six courses of chemotherapy with the ABVD (doxoru- 
bicin, bleomycin, vinblastine, and dacarbazine) regimen. 
Which of the drugs in this regimen acts mainly in the G 0 
phase of the tumor cell cycle? 

A. Doxorubicin 

B. Bleomycin 
C Vinblastine 
D. Dacarbazine 


Difficulty level: Medium 

31 . A 6-year-old hospitalized child complained of pain when 
urinating. A urine sample was cloudy and red. The child, di- 
agnosed with neuroblastoma, had begun a chemotherapy 
program 5 days earlier. Which of the following drugs most 
likely caused the patient’s symptoms? 

A. Paclitaxel 

B. Vincristine 
C Topotecan 

D. Cisplatin 

E. Doxorubicin 

F. Cyclophosphamide 

Difficulty level: Medium 

32 . A 7-year-old girl was seen by her pediatrician because of a 
1 -week history of upper respiratory tract infection, increas- 
ing weakness, and bleeding gums. Physical examination 
revealed hepatosplenomegaly. A blood test with differential 
showed a white blood cell count of 65,000/mm 3 (normal 
4500-1 1 ,000/mm 3 ) with 43%lymphoblasts. Abone marrow 
biopsy revealed 92% lymphoblasts. A diagnosis was made, 
and the girl received a therapy that included the intrathecal 
administration of a drug. Which of the following drugs was 
most likely injected intrathecally? 

A. Methotrexate 

B. Paclitaxel 
C Etoposide 

D. Bleomycin 

E. Cisplatin 

F. Chlorambucil 

Difficulty level: Easy 

33 . A 36-year-old woman recently diagnosed with Hodgkin 
lymphoma started her first cycle of ABVD (doxorubicin, bleo- 
mycin, vinblastine, and dacarbazine) chemotherapy. Which 
of the following molecular actions most likely mediated the 
therapeutic effect of bleomycin in the patient’s disease? 

A. Formation of free radicals that cause DNA fragmentation 

B. Inhibition of tubulin polymerization 
C Inhibition of thymidylate biosynthesis 

D. DNA alkylation that blocks DNA strand scission 

E. Inhibition of tetrahydrofolate biosynthesis 



Difficulty level: Easy 

34 . A 40-year-old woman recently diagnosed with lympho- 
blastic T-cell lymphoma received her first combination che- 
motherapeutic regimen that included cyclophosphamide, 
vincristine, doxorubicin, and prednisone. From which of the 
following adverse effects was the patient most likely to suf- 
fer during the first day of treatment? 

A. Neuropathy 

B. Hemorrhagic cystitis 
C Pulmonary fibrosis 

D. Congestive heart failure 

E. Nausea and vomiting 

Difficulty level: Easy 

35. A 46-year-old woman who had undergone a radical mas- 
tectomy for infiltrating ductal carcinoma started adjuvant 
combination therapy with the CMF (cyclophosphamide, meth- 
otrexate, and fluorouracil) regimen. Which of the following 
was the initial molecular action that most likely mediated the 
therapeutic effect of methotrexate in the patient’s disease? 

A. Inhibition of purine biosynthesis 

B. Inhibition of DNA chain elongation 

G Inhibition of single-stranded DNA resealing 

D. DNA fragmentation through free radical formation 

E. Inhibition of microtubule assembly 

Difficulty level: Medium 

36 . A 47-year-old man presented to the clinic because of a 
1 -week history of low-grade fever, anorexia, increasing weak- 
ness, and weight loss. Ablood test showed a white blood cell 
count of 90,000/mm 3 (normal 4500-11,000/mm 3 ) with 
90%neutrophils and a platelet count of 500,000/mm 3 (nor- 
mal 1 50,000-400,000/mm 3 ). Chromosomal studies on a bone 
marrow aspirate found the presence of the Philadelphia chro- 
mosome. A diagnosis was made, and a therapy was started. 
Which of the following drugs would be most appropriate to 
include in the patient’s therapeutic regimen? 

A. Hydroxyurea 

B. Erythropoietin 
C Op reive kin 

D. Etoposide 

E. Asparaginase 

F. Fluorouracil 

Difficulty level: Easy 

37 . An 8-year-old girl recently diagnosed with acute lympho- 
blastic leukemia started her first cycle of remission chemo- 
therapy. The antineoplastic regimen included a drug that acts 
by depleting the body of an amino acid that can be synthe- 
sized by normal cells but not by neoplastic cells. Which of 
the following drugs has this mechanism of action? 


A. Vincristine 

B. Asparaginase 
C Daunorubicin 

D. Prednisone 

E. Methotrexate 

F. Cytarabine 

Difficulty level: Medium 

38 . A69-year-old woman diagnosed with colon cancer started 
adjuvant chemotherapy with intravenous fluorouracil fol- 
lowing surgery to remove the primary tumor. Which of the 
following drugs was most likely given concomitantly with 
the fluorouracil to increase its cytotoxic activity? 

A. Folic acid 

B. Asparaginase 
C Leucovorin 

D. Trastuzumab 

E. Sargramostim 

F. Tamoxifen 

Difficulty level: Easy 

39 . A 62-year-old man with testicular cancer was undergoing 
his first cycle of combination chemotherapy (cisplatin, vin- 
blastine, and neomycin). Two years earlier, the patient had 
suffered from myocardial infarction. Which of the following 
procedures should be implemented to counteract the most 
common organ toxicity of cisplatin? 

A. Administration of leucovorin 

B. Vigorous hydration and furosemide 
C Administration of sargramostim 

D. Short therapy cycles 

E. Administration of prednisone 

Difficulty level: Easy 

40 . A 5 year-old girl was found to have a lung nodule during a 
scheduled follow-up visit. The girl had undergone surgery 
for stage III Wilms tumor and then had been receiving a tri- 
ple therapy with vincristine, doxorubicin, and dactinomycin 
for 10 weeks. The oncologist concluded that the tumor had 
become multidrug resistant. Which of the following mecha- 
nisms most likely mediated the simultaneous resistance to 
doxorubicin, vincristine, and dactinomycin in this patient? 

A. Decreased activity of DNA repairing pathways 

B. Decreased sensitivity of a target enzyme 
G Decreased cellular uptake of the drug 

D. Loss of enzymes needed for drug activation 

E. Enhanced activity of an outward transport system 

Difficulty level: Medium 

41 . A 53-year-old woman recently diagnosed with ovarian can- 
cer started her first cycle of combination chemotherapy with 



paclitaxel, cisplatin, and cyclophosphamide. Which of the 
following drugs should also be administered to counteract a 
specific adverse effect of cyclophosphamide? 

A. Erythropoietin 

B. Leucovorin 

C Mercaptoethane sulfonate 

D. Acetylcysteine 

E. Vitamin K 

Difficulty level: Hard 

42 . A 65-year-old man presented to his family physician with 
a persistent cough. A routine complete blood count showed 
the following: hemoglobin 9 g/dL (normal, male 13.5-17.5 
g/dL), white blood cell count 40,000/mm 3 (normal 4500- 
10,500/mm 3 ) with 85% lymphocytes (normal 25-33°/), 
platelet count 90,000/mm 3 (normal 1 50,000-400,000/mm 3 ). 
Bone marrow examination revealed normal cellularity with 
45%of nucleated cells lymphocytes. A diagnosis of leukemia 
was confirmed. Which of the following anticancer drug reg- 
imens would be most appropriate for this patient? 

A. Etoposide and asparaginase 

B. Vincristine and cisplatin 

C Hydroxyurea and topotecan 

D. Methotrexate and paclitaxel 

E. Chlorambucil and prednisone 

Difficulty level: Easy 

43 . A 54-year-old man recently diagnosed with inoperable lung 
cancer started induction chemotherapy that included a drug 
that acts by forming both inter- and intrastrand cross-links 
in the DNA molecule. Which of the following drugs was most 
likely given? 

A. Paclitaxel 

B. Etoposide 
C Vincristine 

D. Cisplatin 

E. Fluorouracil 

Difficulty level: Medium 

44 . A 35-year-old man diagnosed with malignant testicular ter- 
atoma was hospitalized to receive his fourth cycle of the BEP 
(bleomycin, etoposide, and cisplatin) regimen. The patient 
was most likely at increased risk of which of the following 
adverse effects as a result of his therapy? 

A. Chronic myelogenous leukemia 

B. Syndrome of inappropriate antidiuretic hormone (SIADH) 
secretion 

G Polymorphic ventricular tachycardia 

D. Pulmonary embolism 

E. Pneumonitis leading to lung fibrosis 


Difficulty level: Easy 

45 . An 8-year-old girl suffering from acute lymphoblastic leu- 
kemia completed her remission chemotherapy with a multi- 
drug regimen and started maintenance therapy with a 
regimen that included a cell cycle-specific anticancer drug 
administered daily, for 7 days every 4 weeks. Which of the 
following drugs did the patient most likely take for mainte- 
nance therapy? 

A. Daunorubicin 

B. Doxorubicin 

C Mercaptopurine 

D. Cisplatin 

E. Car mu stine 

Difficulty level: Easy 

46 . A 7-year-old boy recently diagnosed with Wilms tumor 
started a combination anticancer therapy that included vin- 
cristine. Inhibition of which of the following functions in 
cancer cells most likely mediated the therapeutic effect of 
the drug in the patient’s disease? 

A. Tubulin polymerization 

B. Resealing of single-stranded DNA 
C Re sealing of double-stranded DNA 

D. Purine biosynthesis 

E. RNA biosynthesis 

Difficulty level: Medium 

47 . A 53-year-old woman recently diagnosed with ovarian can- 
cer started a treatment that included paclitaxel. The patient 
was most likely at increased risk of which of the following 
adverse effects as a result of her therapy? 

A. Kidney failure 

B. Liver failure 

C Peripheral neuropathy 

D. Urinary tract infection 

E. Tuberculosis 

Difficulty level: Medium 

48 . A 56-year-old woman with a long history of heavy smoking 
presented with cough, fever, chest pain, and bloody sputum. 
A chest x-ray revealed a 3.5-cm (1.4-in.) hilar mass, and a 
transbronchial biopsy showed infiltrating groups of anaplas- 
tic small cells with hyperchromatic nuclei and no nucleoli. 
Which of the following drugs was most likely appropriately 
included in the therapeutic regimen of this patient? 

A. Isoniazid 

B. Ceftazidime 
C Streptomycin 

D. Asparaginase 

E. Cytarabine 

F. Etoposide 



Difficulty level: Medium 

49 . A 56-year-old man recently had a routine blood test during 
his annual checkup. The test showed a white blood cell count 
of 42,000/mm 3 (normal 4500-1 1 ,000/mm 3 ). The only perti- 
nent physical finding was splenomegaly. Abone marrow as- 
pirate revealed hypercellular marrow with 15%blasts, and 
cytogenetic analysis found the presence of the Philadelphia 
chromosome. A diagnosis was made, and a therapy was 
started. Which of the following drugs would be most appro- 
priate to include in the patient’s therapeutic regimen? 

A. Methotrexate 

B. Trastuzumab 
C Bleomycin 

D. Etoposide 

E. Asparaginase 

F. Imatinib 


Difficulty level: Easy 

50 . A 10-year-old girl recently diagnosed with acute lympho- 
blastic leukemia received her first cycle ofinduction chemo- 
therapy, which included asparaginase. Risk of which of the 
following adverse effects was most likely increased because 
of the administration of this drug? 

A. Myelosuppression 

B. Renal failure 
C Hypoglycemia 

D. Heart failure 

E. Hypersensitivity reactions 


Answers and Explanations: VIII-l Bacterial Cell Wall Synthesis Inhibitors 


Questions 1-4 

1 H 

2. J 

3. F 

4. B 

learning objective: Explain the mechanism of action of (3-lactam 

antibiotics. 

5. C Cephalosporins are (3-lactam antibiotics. The mechanism 
of action of all (3-lactam antibiotics involves the inhibition of 
transpeptidase, the enzyme that catalyzes the final connec- 
tion (cross-link) oftwo amino sugar chains by peptide bridges. 
In this way, the synthesis of peptidoglycans is inhibited. 

A, B, D, E See correct answer explanation. 

Learning objective: Describe the renal elimination of cephalo- 
sporins. 

6. A Most community-acquired urinary tract infections are due 
to Escherichia coli. First-, second-, and third-generation cephalo- 
sporin, fluoroquinolones, and trimethoprim-sulfametoxazole 
are first-line agents for these infections. Most cephalosporins 
are eliminated by the kidney, mainly by active secretion in the 
proximal tubule (two notable exceptions are ceftriaxone and 
cefoperazone, which are excreted mainly through the biliary 
tract). In most cases, concentrations in urine are higher than 
those in plasma. 

BMacrolides are mainly eliminated by biliary excretion. 

C Metronidazole is mainly eliminated by liver metabolism. 


D Aminoglycosides are excreted almost entirely by glomer- 
ular filtration only. 

E Renal excretion of tetracyclines occurs by glomerular fil- 
tration and tubular reabsorption. 

learning objective: Identify the drug contraindicated in a patient 
with previous allergic reaction to (3-lactam drugs. 

7. CThe signs of the patient and the lab results strongly suggest 
the diagnosis of gonorrhea. Ceftriaxone would be the first- 
line agent for gonorrhea, but a previous anaphylactic reaction 
to penicillin contraindicates the use of most (3-lactam drugs. 

A, B, D, E All of these antibiotics are effective against Neis- 
seria gonorrhoeae; they are not first-line agents, but none of 
them are contraindicated in this case. 

learning objective: Identify the drug used to treat Neisseria 
meningitidis. 

8. B The patient’s symptoms and lab results indicate that she 
was most likely suffering from meningitis due to N. meningit- 
idis. In this disease, the preferred treatments are penicillin G 
(4 million units intravenously every 4 hours) and a third- 
generation cephalosporin (mainly ceftriaxone). 

A, C Although N. meningitidis is sensitive to these antibi- 
otics, a bactericidal drug must be given in serious infectious 
diseases. 

D, E These antibiotics are mainly active against gram- 
negative bacilli. 

FA. meningitidis is not sensitive to metronidazole. 




learning objective: Identify the antibiotic given to prevent infec- 
tions due to Streptococcus agalactiae. 

9. E Beta-lactam antibiotics are drugs of choice for streptococ- 
cal infections. S. agalactiae is a group B streptococcus sen- 
sitive to penicillins. Penicillin G or ampicillin is used with 
excellent results for antimicrobial prophylaxis against group 
B streptococci. 

A-C Streptococci may be sensitive to quinolones, sulfon- 
amides, and tetracyclines, but these antibiotics are not rec- 
ommended in children and newborns because of several 
potential adverse effects. 

D When given alone, aminoglycoside antibiotics are not 
effective against streptococci. 

Learning objective: Identify the bacterium still sensitive to peni- 
cillin G. 

10. D The patient was most likely suffering from streptococcal 
pharyngitis, the most common disease caused by Streptococ- 
cus pyogenes , a group A (3-hemolytic streptococcus. Group A 
streptococci are still exquisitely sensitive to penicillin G. 
Penicillin therapy of streptococcal pharyngitis reduces the 
risk of subsequent acute rheumatic fever. However, current 
evidence suggests that the incidence of glomerulonephritis 
that follows streptococcal infections is not reduced to a sig- 
nificant degree by treatment with penicillin. 

A-C, E-G All of these bacteria are now resistant to penicil- 
lin G. 

Learning objective: Identify the drug used to treat chancroid. 

11. D The history of the patient and the site of the ulcer suggest 
a sexually transmitted disease. Among these diseases, those 
characterized by ulcer on the penis include chancroid (caused 
by Haem ophilus ducreyi ), lymphogranuloma venereum (caused 
by Chlamydia trachomatis ), granuloma inguinale (caused by 
Donovania granulomatis), syphilis (caused by Treponema 
pallidum ), and genital herpes (caused by herpes simplex 
virus). The presence of gram-negative bacilli excludes viral 
infections such as genital herpes, as well as chlamydia and 
donovania infections (chlamydia and donovania are intracel- 
lular bacteria). Syphilis is unlikely because of the negative 
darkfield microscopy and FTA-ABS (fluorescent treponemal 
antibody absorption) test. Therefore, the patient’s disease 
is most likely caused by H. ducreyi, a gram-negative bacte- 
rium that is sensitive to second- and third-generation ceph- 
alosporins, trimethoprim-sulfametoxazole, quinolones, and 
tetracyclines. Ceftriaxone is most often used because it has a 
long half-life (about 7 hours) and therefore can provide a 


long minimum bactericidal concentration (most (3-lactam 
antibiotics exhibit time-dependent killing). 

A-C These antibiotics are not effective against gram- 
negative bacteria. 

E Metronidazole is not effective against H. ducreyi. 

Learning objective: Identify the two antibiotics used to treat 
streptococcal septic shock syndrome. 

12. Ain addition to being among the most common of all human 
pathogens, group A streptococci have emerged in recent 
years as important causes of life-threatening invasive and 
suppurative infections. This patient likely had streptococcal 
septic shock syndrome, which is an especially lethal strep- 
tococcal disease. In 60%of patients with this syndrome, the 
organism is contracted through the skin or the genital mu- 
cosa. Patients are usually otherwise healthy children or 
adults. Pyrogenic exotoxins are thought to play a crucial role 
in the pathogenesis. Streptococcal septic shock syndrome 
follows a fulminant clinical course with a mortality rate of 
50% The principles of management include aggressive re- 
suscitation, prompt surgical exploration and debridement 
of soft tissue infections, and antibiotic therapy. Penicillin- 
resistant isolates have yet to be observed for group A strep- 
tococci, so penicillin G remains an agent of choice. Patients 
may fail to achieve optimal response to penicillin G because 
large concentrations ofbacteria in the lesion reach a station- 
ary growth phase (in the absence of cell division, penicillin 
cannot have a bactericidal effect). Clindamycin has multiple 
effects against group A streptococcal infections. Its efficacy 
is not affected by inoculum size or growth stage; it is a potent 
suppressor of bacterial toxin synthesis, facilitates phagocy- 
tosis of Streptococcus pyogenes by inhibiting protein synthe- 
sis, and suppresses the synthesis of penicillin-binding proteins, 
which are enzymes involved in cell wall synthesis. Therefore, 
most clinicians recommend combined therapy with penicil- 
lin and clindamycin. 

B Tobramycin and metronidazole are not effective against 
gram-positive bacteria. 

C Chloramphenicol and tetracycline are bacteriostatic 
agents, and most strains of streptococci are now resistant 
to these drugs. 

D Erythromycin is effective against streptococci but is a 
bacteriostatic drug, and amikacin is effective mainly against 
gram-negative bacteria. 

E Piperacillin and aztreonam are (3-lactam antibiotics 
mainly effective against gram-negative bacteria. 




learning objective: Outline the therapy for infective endocarditis 
most likely due to viridans streptococci. 

13. D The patient’s history and clinical presentation suggest 
that the man is suffering from infective endocarditis. He ap- 
pears chronically ill and represents the typical patient with 
subacute disease. He has mitral valve prolapse, which is the 
predominant defect in infective endocarditis, and he also 
exhibits several peripheral manifestation of infective endo- 
carditis, including hemorrhages in the hands and feet. The 
gram-positive bacteria most commonly involved in infective 
endocarditis are streptococci and staphylococci. Streptococci 
of the viridans group are the principal cause of endocarditis 
in an abnormal heart valve (which is present in this case), 
and they reach the bloodstream typically after dental trauma. 
The temporal relationship between the dental procedure 
and the onset of symptoms makes it the most obvious cause 
of the disease. Most viridans streptococci are sensitive to 
penicillins and cephalosporins. Single-drug regimens include 
high-dose penicillin G or ceftriaxone for 2 to 4 weeks. When 
empirical therapy is needed, the guidelines suggest high- 
dose penicillin Gplus an aminoglycoside, as in this case. This 
is a synergistic combination that can achieve bactericidal 
activity against resistant streptococcal species. 

A, B These are combinations of a bactericidal plus a bac- 
teriostatic antibiotic. In general, these combinations should 
be avoided (with few exceptions), as an antagonistic inter- 
action can occur in many cases. 

C These antibiotics are mainly effective against gram- 
negative bacteria. 

EDicloxacillin is effective against mutant streptococci, but 
many strains of streptococci are now resistant to fluoro- 
quinolones, and there is no synergism between penicillins 
and fluoroquinolones. 

Learning objective: Identify the antibiotic used to treat acute 
sup rag lot tit is. 

14. C Acute supraglottitis can occur at any time in life, but its 
incidence is highest in children ages 2 to 5 years. Most pa- 
tients are febrile, many have cervical lymph node enlarge- 
ment, and occasionally cellulitis appears over the anterior 
neck. Acute supraglottitis can be fulminant in onset and, if 
suspected clinically, must always be considered an emer- 
gency, as sudden, complete airway obstruction is impending. 
The disease is almost always due to Haemophilus influenzae 
type b. A third-generation cephalosporin (ceftriaxone) and 
ampicillin-sulbactam are the antibiotics of choice. 

A, B, D, E H. in fluenzae is not sensitive to any of the other 
listed antibiotics. 


Learning objective: Explain the mechanism of action of (3-lactam 

antibiotics. 

15. CThe appearance ofthe lesion (crepitation, bronze discolor- 
ation) indicates that the patient was most likely suffering 
from gas gangrene (myonecrosis). The disease can be caused 
by many bacteria, including bacteroides, enterobacteriaceae, 
streptococci, and staphylococci, but the most frequent patho- 
gen is Clostridium perfrigens. Penicillin G, in high doses, is 
still the drug of choice for C. perfrigens infection. The mech- 
anism of action of (3-lactam antibiotics involves the inhibi- 
tion of transpeptidase, the enzyme that catalyzes the final 
cross-link step in the synthesis of peptidoglycan. 

A, B, D, E These enzymes are not inhibited by penicillins. 

learning objective: Identify the drug used to treat actinomycosis. 

16. AThe patient’s history (a lesion after a local trauma), the site 
and type of lesion, and the appearance ofthe biopsy material 
suggest that the patient was suffering from actinomycosis. 
The disease is a chronic, suppurative, and granulomatous 
infection caused most often by Actinomyces israelii. The bac- 
terium is sensitive to penicillins, cephalosporins, macrolides, 
tetracyclines, and sulfonamide-trimethoprim. Penicillin G 
remains the treatment of choice. 

B-E None of the other listed drugs are effective in 
actinomycosis. 

Learning objective: Identify the antibiotic used for surgical pro- 
phylaxis in high-risk patients. 

17. E Because surgical wound infections are major nosocomial 
infections, antimicrobial prophylaxis is advisable in open 
heart surgery, surgery for placement of prosthetic materials, 
any surgeries performed on an immunocompromised host, 
high-risk patients in preparation for contaminated and clean- 
contaminated surgical procedures, and orthopedic surgery, 
as in this case. The goal of antimicrobial prophylaxis is to 
decrease bacterial counts below the critical level necessary 
to cause infection. Cefazolin is the drug most frequently 
used for surgical prophylaxis when skin flora is the source 
of contamination because of its excellent activity against 
staphylococci. 

A Metronidazole is not used for surgical prophylaxis, as it 
is active only against anaerobic microorganisms. 

B, C, F Bacteriostatic agents are not used for microbial pro- 
phylaxis because bacteremia can reoccur when the drug is 
no longer present. 

D Aztreonam is active only against gram-negative bacteria 
and therefore is not suitable to prevent infection due to 
staphylococci. 




learning objective: Identify the drug used to treat cellulitis. 

18. CThe patient was most likely suffering from cellulitis. Acute 
bacterial infection ofthe skin and subcutaneous tissue is most 
often caused by streptococci or staphylococci. For most pa- 
tients, empiric treatment effective against both bacteria is 
adequate. Because most staphylococcal isolates produce pen- 
icillinase, the best initial treatment is a (3-lactamase-resistant 
penicillin, such as dicloxacillin, or a third-generation cepha- 
losporin, or a carbapenem. 

A, B, E These drugs are mainly effective against gram- 
negative bacteria. 

D Most gram-positive cocci are now resistant to tetra- 
cyclines. 

Learning objective: identify the (3-lactam antibiotic that is resis- 
tant to most (3-lactamases. 

19. ECefepime is a fourth-generation cephalosporin. The drugs of 
this class are resistant to most plasmid- and chromosomally 
mediated (3-lactamases. In general, resistance to (3-lactamases 
increases from first- to fourth-generation cephalosporins. 

A, F These drugs are first-generation cephalosporins with 
a limited resistance to (3-lactamases. 

B-D These penicillins are (3-lactamase sensitive. 

Learning objective: Describe the adverse effects to [3-lactam drugs. 

20. B Acute pharyngitis is predominantly a viral infection but is 
also often caused by group A (3-hemolytic streptococci. Be- 
cause the patient was diagnosed with bacterial pharyngitis, 
he was most likely treated with a penicillin. Allergic reac- 
tions are the most frequent adverse effects of penicillins. 
They occur in up to 10%of patients previously exposed to 
the drug. Patients suffering from infectious mononucleosis, 
fungus infection, leukemia, and lymphoma are especially at 
risk, as in this case. Although allergic reactions can be caused 
by the intact drug molecule, most antigenic determinants 
of penicillin hypersensitivity are breakdown products. Both 
the intact molecule and the breakdown products act as hap- 
tens after their covalent reaction with proteins. The major 
antigenic determinant is the penicilloyl moiety, which is 
formed when the (3-lactam ring is opened. When an allergic 
reaction occurs during the course of the therapy, the drug 
should be discontinued (if a valid alternative drug is avail- 
able), because there is a chance, although small, that the re- 
action could worsen. 

A, C-E All of these antibiotics can cause allergic reactions, 
but they are not currently used to treat acute pharyngitis. 


learning objective: Identify the antibiotic most likely responsible 
for tubulointerstitial nephritis in a patient treated for syphilis. 

21. A The signs and symptoms ofthe patient (the skin rash and 
eosinophiluria) suggest that the tubulointerstitial nephritis 
is due to drug allergy. Penicillin is the drug of choice for pri- 
mary syphilis, so it is the most likely offending drug. 

B-E Allergic tubulointerstitial nephritis can occur with all 
of the drugs listed, but these drugs are not currently used to 
treat primary syphilis. 

learning objective: Describe the mechanisms of bacterial resis- 
tance to (3-lactam drugs. 

22. C Resistance to (3-lactam antibiotics is due to four main 
mechanisms: 

• Production of (3-lactamase enzymes (by far the most 
important mechanism). Beta-lactamases hydrolyze the 
(3-lactam ring, thus producing penicilloic acids that are 
devoid of antibacterial activity. 

• Development of penicillin-binding proteins that have 
decreased affinity for the antibiotic (the mechanism for 
penicillin resistance in pneumococci) 

• Decreased permeability of the cell membrane to the drug 
(the mechanism for resistance in many gram-negative 
bacteria) 

• Development of an active efflux pump (the mechanism 
for resistance in some gram-negative bacteria) 

A, D, E These mechanisms would increase, not decrease, 
the sensitivity of bacteria to (3-lactam antibiotics. 

B This is a mechanism of resistance to antibiotics that 
inhibit protein synthesis. 

Learning objective: Identify the drug that poses the highest risk 
of antibiotic-associated colitis. 

23. E The patient most likely developed antibiotic-associated 
pseudomembranous colitis (AAPC) due to Clostridium diffi- 
cile. The disease has emerged as a major threat to elderly 
patients. Ampicillin, clindamycin, cephalosporins, and fluo- 
roquinolones are the most common antibiotics associated 
with the condition. Other causative agents are penicillins, 
erythromycin, trimethoprim-sulfamethoxazole, and tetra- 
cyclines. Ampicillin was most likely given to the patient to 
cure tonsillitis and therefore was the most plausible offend- 
ing agent. 

A-D All of these antibiotics very rarely cause AAPC, and 
they are not used to treat streptococcal tonsillitis. 




learning objective: Identify the antibiotic used to treat urinary 
tract infection due to Escherichia coli. 

24. D The lab tests suggest that the patient’s urinary tract in- 
fection was most likely due to E. coli , a gram-negative rod 
that accounts for about 80%of urinary tract infections. E. coli 
is sensitive to cephalosporins, broad-spectrum penicillins, 
aminoglycosides, trimethoprim-sulfametoxazole, tetracy- 
clines, and fluoroquinolones. However, several strains are 
now resistant to broad-spectrum penicillins, tetracyclines, 
and trimethoprim-sulfametoxazole. Cephalosporins and 
fluoroquinolones remain first-line agents. 

A-C, E All of these drugs are effective mainly against 
gram-positive bacteria. 

Learning objective: Identify the two antibiotics used to treat valve 
endocarditis after susceptibility testing. 

25. B The clinical picture suggests that the patient had a valve 
endocarditis. Endocarditis occurring in injection drug users, 
especially when infection involves the tricuspid valve, is 
commonly caused by Staphylococcus aureus strains, many 
of which are methicillin-resistant, but the results of suscep- 
tibility testing indicated that Pseudomonas aeruginosa was 
the cause of valve endocarditis in this patient. There is sub- 
stantial evidence that a (3-lactam and an aminoglycoside an- 
tibiotic exert a synergistic effect in serious infections caused 
by a number of bacteria, including P. aeruginosa. It appears 
that (3-lactam drugs that are cell wall active increase the 
active transport of aminoglycosides into many bacteria, in- 
cluding staphylococci, enterococci, and P. aeruginosa. In 
choosing the right antibiotic combination, the results of sus- 
ceptibility testing must be taken into account. Theoretically, 
all of the tested drugs can be effective against P. aeruginosa. 
Nevertheless, the combination of ceftazidime and tobramy- 
cin or imipenem and tobramycin (not listed) appears to be 
the best in this case (see below). 

A Although both tobramycin and gentamicin are active 
against P. aeruginosa , a (3-lactam plus an aminoglycoside 
must be given to provide in vivo synergy and prevent resis- 
tant subpopulations from emerging during therapy. 

C Because both imipenem and gentamicin are effective 
against P. aeruginosa, the combination could seem appropri- 
ate. Although the sensitivity of gentamicin is less than that 
oftobramycin, this could be overcome by increasing the gen- 
tamicin dose. However, aminoglycoside antibiotics have sig- 
nificant dose-dependent toxicity, and a minimum inhibitory 
concentration (MIC) higher than 3 to 4 pg/mLis predictive 
of toxicity. 

D P. aeruginosa is very sensitive to both imipenem and 
ceftazidime. However, the combination of these two drugs 
would be additive, not synergistic, as both share the same 
mechanism of action. 


EThe very high MIC of piperacillin indicates that the Pseu- 
domonas strain of this patient is resistant to the drug. 

Learning objective: Describe the staphylococcal resistance to 
(3-lactam antibiotics. 

26. B Staphylococcus aureus is the most common causative patho- 
gen of mastitis. Methicillin-resistant staphylococci are resis- 
tantthrough acquisition (viatransposon)ofpenicillin-binding 
proteins with a very low affinity for all (3-lactam antibiotics. 

A, D, F These bacteria are sensitive to most penicillins. 

C, E, G These bacteria are sensitive to broad-spectrum pen- 
icillins, imipenem, and aztreonam, as well as to some third- 
and fourth-generation cephalosporins. 

Learning objective: Identify the antibiotic used to treat staphylo- 
coccal infections. 

27. D The appearance of gram-positive cocci arranged in clusters 
suggests that the causative agent is staphylococcal. Staphylo- 
coccus aureus is the most common pathogen of staphylococ- 
cal respiratory tract disease. Because about 90%of S. aureus 
isolates produce penicillinase, the best initial treatment is a 
(3-lactamase -resist ant penicillin. 

A-C, E All of these penicillins are (3-lactamase-sensitive. 

Learning objective: Outline the therapeutic uses of ampicillin plus 
tobramycin in urinary tract infection due to Enterococcus faecalis. 

28. D The woman most likely had a urinary tract infection. Esch- 
erichia coli is still the predominant pathogen in nosocomial 
acquired urinary tract infections, but other pathogens are 
increasingly involved, including Enterococcus faecalis. Broad- 
spectrum penicillins, as well as vancomycin and teicoplanin, 
are active against this bacterium. However, monotherapy 
inhibits but does not kill the enterococci. Therefore, an ami- 
noglycoside is always given together with the first drug. 

A, BNo cephalosporins are active against enterococci. 

CMost enterococcal strains are now resistant to penicillin. 
Macrolides are not active against enterococci. 

E Aztreonam is active only against gram-negative bacteria. 

foaming objective: Explain the main reason for antibiotic-induced 
superinfections. 

29. D Superinfections are new infections that occur during anti- 
bacterial therapy of a primary infection. Superinfection is 
due to removal of the inhibitory influence of the microflora 
that normally inhabits certain parts of the body (oropharynx, 
intestine, vagina, etc.). In fact, many members of the normal 
microflora appear to produce antibacterial substances, and 
they also presumably compete for essential nutrients. The 
broader the spectrum of an antibiotic, the greater the alter- 
ation of the normal microflora. When the normal microflora 




is altered, a single microorganism can become predominant, 
invade the host, and cause infection. 

A-C, E Antibiotics do not cause these actions. 

learning objective: Explain the mechanism of action common to 
ampicillin, ceftriaxone, and vancomycin. 

30. EThe signs and symptoms of the patient strongly suggest a 
diagnosis of meningitis. When the patient is very ill and the 
offending organism is unknown, an empiric triple antibiotic 
therapy is usually given pending cerebrospinal fluid test re- 
sults. Third-generation cephalosporins such as ceftriaxone 
are active against most gram -positive and -negative bacteria. 
Because many methicillin-resistant cocci are increasingly 
prevalent, vancomycin is usually added. Ampicillin is added 
to cover Listeria species. All of these antibiotics act by inhib- 
iting the synthesis of peptidoglycan. Ampicillin and ceftriax- 
one inhibit the transpeptidation reaction, blocking cross-link 
formation. Vancomycin inhibits transglycosylase, blocking 
further elongation of peptidoglycan chains. 

AThis is the mechanism of action of aminoglycosides. 

B This is the mechanism of action of trimethoprim - 
sulfametoxazole. 

C This is the mechanism of action of rifampin. 

D This is the mechanism of action of macrolides. 

None of the above-mentioned drugs are used alone to 
treat gram-negative bacillary meningitis, either because they 
do not cross the blood-brain barrier (aminoglycosides) or 
because they are not effective against some gram-negative 
bacteria (i.e., Pseudomonas aeruginosa). 

Learning objective: Identify the antibiotic used prophylactically 
in at-risk patients undergoing dental surgery. 

31. A Antibiotic prophylaxis is generally recommended for pa- 
tients at risk who are undergoing procedures associated with 
significant bacteremia. These include any dental procedure 
that is likely to cause bacteremia secondary to bleeding from 
tissues. Because this patient is at risk of infective endocar- 
ditis as a result of the ongoing heart disease, antibiotic 
prophylaxis is advisable. Antimicrobial prophylaxis should 
be addressed to viridans streptococci, as they are the most 
common cause of endocarditis following dental procedures. 
Amoxicillin is currently recommended for prophylaxis in 
susceptible individuals undergoing upper respiratory tract 
or dental surgery, as in this case. 

B-D All of these antibiotics are mainly active against 
gram-negative bacteria and therefore not suitable to prevent 
streptococcal infections. 

E Metronidazole is not active against streptococci. 


Learning objective: Identify the antibiotic used to treat Pasteurella 
multocida infection. 

32. E P. multocida is part of the normal oral flora of dogs and 
cats and therefore is the most common microorganism in 
human wounds inflicted by bites from these animals. It is 
sensitive to penicillin G, which is still the drug of first choice. 

A, B Staphylococcus epidermidis and Gostridium difficile 
are gram-positive bacteria. 

C, D Klebsiella pneumoniae and Serratia m arcescens are 
enterobacteriaceae that only exceptionally infect superficial 
wounds. Moreover, they are not sensitive to erythromycin 
and vancomycin. 

learning objective: Explain the mechanism of action of potassium 
clavulanate. 

33. AThe patient’s symptoms and physical examination suggest 
the diagnosis of acute otitis media, one of the most common 
infectious diseases afflicting infants and children. The main 
bacteria causing otitis media in children are Streptococcus 
pneumoniae , Haemophilus influenzae, and Moraxella ca- 
tarrhalis. Most clinicians advocate a stepped approach to the 
antimicrobial therapy, which involves initial treatment with 
amoxicillin or trimethoprim-sulfamethoxazole. If this regi- 
men does not reduce symptoms within 3 days, amoxicillin/ 
clavulanate or cefuroxime or ceftriaxone should be substi- 
tuted for the initial therapy, as was done in this case. Potas- 
sium clavulanate is a (3-lactamase inhibitor that blocks many, 
but not all, (3-lactamase enzymes, protecting amoxicillin from 
inactivation by (3-lactamase-producing bacteria. 

B Beta-lactamase inhibitors extend the antibacterial spec- 
trum of amoxicillin, but Pseudomonas aeruginosa remains 
resistant. 

C, D Beta-lactamase inhibitors do not significantly affect 
the kinetics of penicillins. 

E Beta-lactamase inhibitors do not affect the allergenicity 
of (3-lactam antibiotics. 

Learning objective: Describe the acute anaphylactic reaction to 
penicillin G. 

34. D The signs and symptoms of the patient indicate that he was 
most likely suffering from an acute anaphylactic reaction to 
penicillin G, which is the treatment of choice in all stages of 
syphilis. 

A, B These drugs are sometimes used in the treatment of 
syphilis for penicillin-allergic patients, but they have a much 
lower risk of allergic reactions. 

C, E,FThese drugs are not used in the treatment of syphilis 
because Treponema pallidum is intrinsically resistant to these 
antibiotics. 




learning objective: Identify the cephalosporin that is mainly elim- 
inated with the bile. 

35. B The antibiotic therapy for acute cholecystitis is usually 
initiated to treat possible infection, but evidence of benefit 
is still modest. Empiric therapy is directed against gram- 
negative enteric organisms such as Escherichia coli, Klebsiella, 
and Enterobacter species. Cefoperazone and ceftriaxone are 
the two cephalosporins primarily eliminated with the bile. 
Both are active against the above-mentioned bacteria; there- 
fore, cefoperazone can be appropriate for the empiric treat- 
ment of acute cholecystitis, as in this case. 

A, C-E These drugs are mainly eliminated by tubular 
secretion. 

learning objective: Describe the appropriate antimicrobial ther- 
apy for primary syphilis. 

36. CThe signs and symptoms ofthe patient, as well as the dark- 
field exam, suggest that he is suffering from primary syphi- 
lis. Penicillin G is the drug of choice for the treatment of all 
stages of syphilis. A single intramuscular injection of benza- 
thine penicillin Gis appropriate for the early stage, as in this 
patient. If penicillin G is contraindicated, doxycycline or cef- 
triaxone can be used. 

A, B, D-F These drugs are not effective against Treponema 
pallidum . 

Learning objective: Identify the drug given to treat acute osteo- 
myelitis. 

37. AThe signs and symptoms ofthe patient suggest that he was 
most likely suffering from acute osteomyelitis following a 
diabetic foot ulcer. The Gram stain was polymicrobial, and 
the putrid smell was specific for anaerobic microorganisms. 
Amoxicillin/clavulanate is a broad-spectrum antibiotic ac- 
tive against gram-positive cocci, gram-negative rods, and 
anaerobic bacteria. If the patient had a history of methicil- 
lin-resistant staphylococci, the addition of vancomycin or 
linezolid would be appropriate. 

B Clindamycin is active against gram-positive cocci and 
anaerobes but not against gram-negative rods. 

C, E Linezolid and vancomycin are active only against 
gram-positive cocci. 

D Metronidazole is active only against anaerobes. 

learning objective: Identify the antibiotic used to treat bacteroides 
abscess. 

38. CThe putrid sputum and the negative aerobic culture point 
out that the offending pathogen was most likely an anaerobic 
bacterium. Bacteroides fragilis is the most common pathogen 
associated with anaerobic infections. It is very sensitive to 
imipenem, clindamycin, and broad-spectrum penicillins plus 
(3-lactamase inhibitors. Other effective antibiotics are met- 
ronidazole and some cephalosporins. 


A Legionella pneumophila is an aerobic, gram-negative rod 
and is not sensitive to ampicillin. 

B Actinomyces israelii is an anaerobic rod, but it is gram- 
positive and not sensitive to gentamicin. 

D Streptococcus pneumoniae is an aerobic, gram -positive 
coccus and is not sensitive to aztreonam. 

E Listeria monocytogenes is an aerobic, gram -positive rod 
and is not sensitive to cephalosporins. 

learning objective: Explain the mechanism of action of (3-lactam 
antibiotics. 

39. AThe mechanism of action of (3-lactam antibiotics includes 
the following two actions: 

• They bind to specific (3-lactam receptors called penicillin- 
binding proteins located on the cytoplasmic membrane. 
These proteins are enzymes endowed with various cata- 
lytic functions that are inhibited by binding to the anti- 
biotic. The most important enzymes inhibited are trans- 
peptidases, which catalyze the final cross-link step in the 
synthesis of murein (also called peptidoglycan). Because 
peptidoglycan layers are constituents of bacterial cell walls, 
the synthesis of the cell wall is blocked. 

• Autolytic enzymes (called autolysins or murein hydrolases) 
are present in the cell wall and degrade the peptidogly- 
can. Beta-lactam antibiotics can activate these autolysins 
(apparently by blocking an autolysin inhibitor), thus pro- 
moting the lysis of bacteria. 

B This is the mechanism of action of tetracyclines. 

CThis is a mechanism of resistance to antibiotics. 

D This is the mechanism of action of vancomycin. 

E This is the mechanism of action of rifampin. 

Learning objective: Identify the antibiotic that can cause hypo- 
prothrombinemia. 

40. F Bacteroides fragilis has been isolated from up to 28%of pa- 
tients with chronic otitis media. Antibiotics effective against 
bacteroides are metronidazole, clindamycin, and (3-lactam 
drugs, including imipenem, broad-spectrum penicillins plus 
(3-lactamase inhibitors, cefoxitin, and cefotetan. Hypopro- 
thrombinemia has been associated with the use of certain 
cephalosporins, including cefoperazone, cefotetan, and cefa- 
mandole. The mechanism of hypoprothrombinemia is still 
uncertain but seems to be related to the methylthiotetrazole 
side chain of these cephalosporins, as this group can inhibit 
the carboxylation of glutamic acid, the vitamin K-dependent 
step in the synthesis of clotting factors. Because of this, the 
hypoprothrombinemia can be rapidly reversed by the ad- 
ministration of vitamin K. 

A-D These drugs are active against bacteroides, but hypo- 
prothrombinemia is exceedingly rare. 

E Most quinolones have negligible activity against bac- 
teroides. 



learning objective: Identify the antibiotic to be used in a patient 
allergic to (3-lactam drugs. 

41. D Aztreonam is a (3-lactam antibiotic with excellent activity 
against only most gram-negative, aerobic bacteria, includ- 
ing Pseudomonas aeruginosa. It has negligible allergic cross- 
reactivity with other (3-lactam antibiotics and is therefore 
useful for treating gram-negative infections in patients with 
a history of prior allergic reaction to (3-lactam drugs, as in 
this case. 

A-C, E All of these antibiotics are contraindicated in this 
patient because of his hypersensitivity to (3-lactam drugs. 

foaming objective: Explain the mechanism of the antimicrobial 
action of vancomycin. 

42. A The patient’s signs, symptoms, and lab tests indicate that 
she was most likely suffering from pneumonia due to meth- 
icillin-resistant (MR) Staphylococcus aureus. The patient re- 
ceived vancomycin, a drug of choice for MR staphylococcal 
infections. Vancomycin binds to the terminus of nascent 
peptidoglycan pentapeptides. The binding inhibits transgly- 
cosylase, the enzyme that catalyzes the elongation of pepti- 
doglycan chains, preventing formation of linear peptidoglycan 
chains. The binding also inhibits transpeptidase, but because 
transglycosylation precedes transpeptidation, inhibition of 
transglycosylase is the primary mechanism of action of the 
drug. 

B-E These actions are not inhibited by vancomycin. 

foaming objective: Identify the two drugs used for the initial 
treatment of acute rheumatic fever. 

43 . A The patient’s clinical picture suggests that he was affected 
by acute rheumatic fever. The disease is a nonsuppurative 
complication of an infection with group A streptococci. The 
diagnosis of acute rheumatic fever requires two of the follow- 
ing major manifestations of the illness: carditis, migratory 
polyarthritis, chorea, erythema marginatum, and subcuta- 
neous nodules. The patient has four such features. In acute 
rheumatic fever, it is appropriate to administer a therapeutic 
course (at least 10 days) of parenteral penicillin. In severe 
cases, aggressive use of antiinflammatory drugs is required. 
Salicylates remain the drugs of choice, but other nonsteroi- 
dal antiinflammatory drugs (NSAIDs, e.g., naproxen) can also 
be used in children. If a therapeutic effect has not been 
achieved after the fourth day, NSAIDs should be abandoned 
in favor of a glucocorticoid. 

B, C,F Amoxicillin and ceftriaxone are less effective against 
streptococci than penicillin G. Moreover an antiinflamma- 
tory drug must be given in acute rheumatic fever. 


D Aminoglycoside antibiotics are poorly effective against 
streptococci. 

E Acetaminophen is an antipyretic but not an antiinflam- 
matory drug. Therefore, it is not useful in acute rheumatic 
fever, for which NSAIDs are given mainly to counteract the 
acute inflammatory reaction. 

learning objective: Identify the antibiotic used to treat Pseudo- 
monas aeruginosa infections. 

44. A The patient’s history and the lab results suggest that she 
is suffering from a pulmonary infection due to Pseudomonas 
aeruginosa. All patients with cystic fibrosis eventually de- 
velop endobronchial colonization and infection. Commonly 
offending respiratory pathogens are Staphylococcus aureus , 
Haemophilus influenzae, and P. aeruginosa. Of these, P. aeru- 
ginosa has become the most common pathogen isolated in 
chronically colonized patients. For infections due to P. aeru- 
ginosa, a combination of two bactericidal antibiotics is the 
rule, and an antipseudomonal penicillin, such as piperacillin 
(or an antipseudomonal cephalosporin), plus an aminogly- 
coside is the most commonly used treatment. 

B-F None of these antibiotics are active against P. 
aeruginosa. 

learning objective: Explain the action of penicillin -binding proteins. 

45. B Penicillin-binding proteins are specific targets for (3-lactam 
antibiotics. They are located in the bacterial cytoplasmic 
membrane, and some ofthem are transpeptidases that cata- 
lyze the cross-linking of the peptidoglycan amino sugar chain 
by peptide bridges. This gives the cell wall its structural ri- 
gidity. By binding to these transpeptidase enzymes, (3-lactam 
antibiotics block the transpeptidation reaction and therefore 
the synthesis of peptidoglycan. 

A Porin channels are aqueous channels present on the 
outer membrane of gram-negative bacteria. Beta-lactam 
antibiotics enter the cell through these channels. Penicillin- 
binding proteins do not affect this process. 

C The breakdown of the (3-lactam ring is catalyzed by 
(3-lactamases, not by transpeptidases. 

D Beta-lactam antibiotics can activate, not inhibit, murein 
hydrolases, which are enzymes able to destroy the cell wall. 

E Beta-lactam antibiotics bind to penicillin-binding pro- 
teins, not to the peptidoglycan layer. 




learning objective: Outline the therapeutic uses of daptomycin. 

46. D The patient’s signs, symptoms, and lab tests indicate that 
he was most likely suffering from sepsis due to vancomycin- 
resistant Staphylococcus aureus. Currently available antibiot- 
ics for vancomycin-resistant staphylococci are daptomycin, 
quinupristin/dalfopristin, linezolid, and tigecycline. Dapto- 
mycin is a bactericidal antibiotic active against gram -positive 
bacteria, including vancomycin-resistant staphylococci and 
enterococci. Its mechanism of action is not fully understood, 
but it is known that the drug binds to bacterial cell mem- 
branes via calcium-dependent insertion of its lipid tail. This 
likely results in formation of a pore, causing a loss of cellular 
potassium and resulting in rapid cell death. Because of this 
unique mechanism of action, there is no cross-resistance 
with other antibiotics, and resistance mechanisms are not 
known. Arare but serious adverse effect ofthe drug is myop- 
athy, and creatine phosphokinase levels should be monitored. 

A, C, E Vancomycin-resistant staphylococci are resistant 
to all (3-lactam drugs. 

B, F Aminoglycoside antibiotics are not effective against 
most gram-positive bacteria. 

learning objective: Describe the nephrotoxicity due to concomi- 
tant treatment with vancomycin and gentamicin. 

47. D Treatment of bacterial endocarditis requires the use of one 
or most often two bactericidal antibiotics. A cell wall syn- 
thesis inhibitor plus an aminoglycoside is the first-line treat- 
ment, as a synergistic effect can be obtained (the cell wall 
synthesis inhibitor enhances the bacterial uptake ofthe ami- 
noglycoside). In this case, vancomycin plus gentamicin was 
the most likely treatment because the patient showed signs 
of nephrotoxicity. The incidence of nephrotoxicity associated 
with vancomycin alone is very low, but it increases substan- 
tially (up to 20°/$ in patients receiving vancomycin plus an 
aminoglycoside, as in this case. 

A, E These combinations are not used for bacterial endo- 
carditis and are not nephrotoxic. 

BThis combination can cause nephrotoxicity, but it is irra- 
tional to use together two antibiotics with the same mecha- 
nism of action. 

C This combination can cause nephrotoxicity (due to the 
aminoglycoside), but it is not used for bacterial endocarditis. 
In general, a combination of a bactericidal plus a bacterio- 
static antibiotic should be avoided, as an antagonistic inter- 
action would occur in many cases. 

Learning objective: Describe the infusion reaction associated with 
vancomycin. 

48. B The patient most likely received vancomycin, a first-line 
agent for methicillin-resistant staphylococci. A common 
reaction to vancomycin is the so-called red man syndrome, 
which can occur after intravenous infusion ofthe antibiotic 


and includes hypotension, tachycardia, generalized pruritus, 
and facial flushing, as in this case. The syndrome is most 
likely caused by histamine release. 

A, C-F Although allofthese antibiotics are effective against 
staphylococci, they do not cause histamine release. 

learning objective: Explain the mechanism of action of fosfomycin. 

49. D Fosfomycin is an antibiotic mainly active against entero- 
bacteriaceae, including Escherichia coli, enterococci, and 
Klebsiella, Enterobacter, Proteus, and Serratia species. The 
drug is approved for urinary tract infection due to suscep- 
tible bacteria because it is eliminated mainly by the kidney 
and attains high concentration in the urine. Fosfomycin acts 
by inhibiting enolpyruvate transferase, the enzyme that cat- 
alyzes the synthesis of V-acetylmuramic acid, an essential 
precursor for peptidoglycan synthesis. In this way, bacterial 
cell wall synthesis is inhibited. 

A-C, E All of these drugs can block bacterial cell wall syn- 
thesis, but they act with different mechanisms of action. 

Learning objective: Identify the two antibiotics used to treat Kleb- 
siella pneumonia. 

50. C Nearly 1 % of hospitalized patients develop pneumonia, 
which has a 20 to 50%mortality rate. The predominant or- 
ganisms causing nosocomial pneumonia are aerobic gram- 
negative bacilli, including Klebsiella pneumoniae, Escherichia 
coli, Proteus m irabilis, and Pseudomonas aeruginosa. Less com- 
mon causes are Staphylococcus aureus, Streptococcus pneumo- 
niae, and anaerobes. The most frequent and best characterized 
pathogen is Klebsiella pneumoniae, which causes Friedlander 
pneumonia, a disease that can have a fulminant course and a 
mortality rate of about 50% despite the availability of effec- 
tive antibiotics. In this case, the typical appearance of the 
sputum (a homogeneous mixture of blood and mucus re- 
sembling currant jelly) and the results of lab tests and x-ray 
suggest Friedlander pneumonia. Cephalosporins are drugs of 
first choice against Klebsiellae. However, due to the serious- 
ness of the disease, most authorities suggest the use of an 
aminoglycoside together with a cephalosporin. 

A, B, D, E All of the other listed options have at least one 
antibiotic that is not effective against Klebsiellae. 
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Answers and Explanations: Vffl-2 Bacterial Protein Synthe sis Inhibitors 


Questions 1-5 

1. O 

2. L 

3. B 

4. E 

5. J 

learning objective: Explain the mechanism of action of gentamicin. 

6. E Gentamicin is an aminoglycoside antibiotic. These drugs 
bind irreversibly to specific 30S ribosomal subunits and in- 
hibit bacterial protein synthesis in at least three ways: 

• Blockade of the “initiation complex,” the complex formed 
for initiation of translation that consists of the 30S mi- 
crosomal subunit, messenger RNA (mRNA), transfer RNA 
(tRNA), and some initiation factors. This blockade leads to 
an mRNA chain with only a single ribosome on it, the so- 
called monosome. 

• Misreading of mRNAtemplates, which leads to the produc- 
tion of aberrant proteins. These proteins may be inserted 
into cell membranes, altering permeability and further 
stimulating aminoglycoside transport (energy-dependent 
phase II transport). 

• Blockade of translocation (i.e., the ribosome advancement 
of three nucleotides is blocked) 

For external otitis, the drug would be given topically as ear 
drops. Gentamicin can be ototoxic, especially if given sys- 
temically. 

A-D All of these antibiotics are active against Pseudomonas 
aeruginosa , but they do not cause misreading of the bacterial 
mRNA template. 

Learning objective: Explain concentration-dependent killing and 
the post antibiotic effect. 

7. D The aminoglycoside bactericidal effect is concentration- 
dependent; that is, increasing concentrations kill an increas- 
ing proportion of bacteria and at a more rapid rate. They also 
have a long postantibiotic effect, that is, persistent suppres- 
sion of bacterial growth for several hours beyond the time 
that measurable drug is present. Most antibiotics exhibit this 
effect against gram-positive cocci. Antibiotics that possess 
this effect against gram-negative bacilli are aminoglycosides, 
fluoroquinolones, and tetracyclines. 

Because of these two properties, a given total amount of 
aminoglycoside may have better efficacy and lower toxicity 
when administered as a higher single daily dose than when 
given as a lower dose two or three times daily. 

A, E The bactericidal effect of aminoglycosides is not time- 
dependent. 


B Protein binding is totally unrelated to the duration of the 
antibiotic effect. 

C Aminoglycosides are bactericidal, not bacteriostatic. 

Learning objective: Identify the drug used for prophylaxis of 
whooping cough. 

8. C Erythromycin and azithromycin are agents of choice for 
whooping cough. If they are given during the catarrhal stage, 
they can ameliorate the disease. After paroxysms are estab- 
lished, these drugs have no clinical effect, but they decrease 
the duration of infectiousness, thus preventing spread. Con- 
tacts of all ages, whether vaccinated or not, should receive a 
1 0-day course of erythromycin. 

A, B, D These drug are active against Bordetella pertussis 
but are contraindicated in children. 

E, F These drugs are not active against B. pertussis. 

Learning objective: Identify the antibiotic used for antimicrobial 
prophylaxis in colorectal surgery. 

9. D Antibiotic prophylaxis is widely used for surgical proce- 
dures to decrease the degree of bacterial contamination 
during surgery. Prophylaxis is especially advisable for col- 
orectal surgery, owing to the large number of bacteria com- 
prising the intestinal flora. Oral nonadsorbable antibiotics 
function effectively as intestinal decontaminants because 
high intraluminal drug concentrations can be easily achieved. 
An oral antimicrobial regimen used for colorectal surgical 
prophylaxis is neomycin (for aerobic enterobacteriaceae) plus 
erythromycin (for anaerobes). Neomycin is preferred over 
other aminoglycosides because of its wider spectrum of an- 
tibacterial activity. 

A See correct answer explanation. 

B Penicillin G given orally is rapidly destroyed by gastric 
juices. 

C, E, F These antibiotics are not active against enterobacte- 
riaceae or anaerobes. 

learning objective: Identify the antibiotic used to treat psittacosis. 

10. E The patient’s history suggests that he was affected by 
psittacosis, a pneumonia caused by Chlamydia psittaci. The 
organism is found mainly in psittacine birds, but other birds 
can also be affected. Human infection usually occurs by in- 
halation of dust from feathers of infected birds. Chlamydiae 
are sensitive to tetracyclines, macrolides, and quinolones. 
Doxycycline is often the preferred drug. 

A-D All of the listed bacteria can cause pneumonia, but 
none of them are sensitive to the paired drug. 




learning objective: Calculate the dose of gentamicin to be given 
to a patient with renal insufficiency, given sufficient data. 

11. D Aminoglycosides are excreted almost entirely by the kid- 
ney, and their clearance is essentially equal to the glomer- 
ular filtration rate. Because these drugs have a narrow 
therapeutic index, dosing must be reduced in patients with 
impaired renal function. 

In general, the dose in a patient with renal impairment 
may be corrected by multiplying the average dose for a nor- 
mally healthy person by the ratio of the patient’s altered to 
normal creatinine clearance (about 100 miymin). In other 
words, the dose must be reduced proportionally to the re- 
duction of creatinine clearance. In this case, as the patient’s 
creatinine clearance is about one half the normal value, the 
dose should be one half the normal dose. 

A-C, E, F See correct answer explanation. 

Learning objective: Identify the pair of drugs used to treat acute 
pyelonephritis due to Pseudomonas aeruginosa. 

12. A Acute pyelonephritis is a well-known complication of 
chronic lower urinary tract infections. Among patients ages 
20 to 50 years, urinary tract infection is about 50-fold greater 
in women, and pyelonephritis occurs by the ascending route 
despite the dynamics of urine flow. In this patient, diabetes 
could predispose to renal infections, possibly because dia- 
betics have altered antibacterial defense mechanisms. Be- 
cause the patient is acutely ill, and P. aeruginosa is the 
causative agent ofher disease, she should be treated with an 
anti -Pseudom onas penicillin (or cephalosporin) plus an ami- 
noglycoside. Both drugs are bactericidal against P. aerugi- 
nosa, and penicillins are synergistic with aminoglycosides by 
increasing the uptake of these drugs by many gram-positive 
and -negative bacteria. 

B-D Only one of the two listed antibiotics is effective 
against P. aeruginosa. 

E Ampicillin and tetracyclines are not effective against 
P. aeruginosa. 

Learning objective: Describe the bacterial resistance to amino- 
glycosides. 

13. AResistance to aminoglycosides is primarily due to plasmid- 
mediated production of bacterial transferases that phos- 
phorylate, acetylate, and adenylate the drug. Less common 
mechanisms of resistance are decreased permeability of the 
bacterium to the drug and decreased affinity of the drug for 
the 30S ribosomal subunit. Resistance appears most fre- 
quently to gentamicin and least frequently to amikacin. 

B Resistance can be due to decrease in the affinity of the 
drug for the 30S (not for the 50S) ribosomal subunit. 

CThis is a mechanism of resistance to penicillins. 

D This is the mechanism of resistance to isoniazid. 

EThis is the mechanism of resistance to quinolones. 


Learning objective: Identify the risk of drug reaction with an ami- 
noglycoside in a patient taking furosemide. 

14. D Aminoglycosides can cause ototoxicity, which is more 
likely in patients receiving other ototoxic drugs, including 
loop diuretics such as furosemide. 

A, C-F All of these are potential adverse effects of amino- 
glycosides, but their risk is not increased by the concomitant 
administration of the drugs used by the patient. 

Learning objective: Identify the antibiotic most appropriate for a 
patient with urinary tract infection based on results of a suscepti- 
bility test. 

15. B Approximately 20% of catheterized patients develop uri- 
nary tract infections. In this disease, the choice of the most 
suitable antibiotic is often dictated by antimicrobial suscep- 
tibility tests, as the disease does not require immediate em- 
piric antimicrobial therapy. The results of susceptibility tests 
are reported qualitatively by indicating for each microorgan- 
ism if it is susceptible, intermediate, or resistant to a given 
antibiotics. In this case, amikacin was the drug collectively 
most active against the tested bacteria. 

A, C-E On the whole, these drugs are less effective than 
amikacin against the bacteria isolated from the patient’s 
urine. 

Learning objective: Identify the antibiotic that caused nephrotox- 
icity in a patient suffering from infection. 

16. B The patient’s urinalysis indicates nephrotoxicity. Amino- 
glycoside antibiotics are active against Pseudomonas aerugi- 
nosa and can cause nephrotoxicity in 8 to 26% of patients 
receiving these drugs for more than 1 week. Risk factors 
include old age, as in this case. 

A, C Piperacillin and aztreonam are active against P aeru- 
ginosa , but they do not cause nephrotoxicity. 

D, E Vancomycin and rifampin can cause nephrotoxicity, 
but they are not active against P aeruginosa. 

Learning objective: Identify the bacterium sensitive to amino- 
glycosides. 

17. E The efficacy of gentamicin therapy indicated that an aer- 
obic gram-negative rod was the most likely offending or- 
ganism. Aminoglycosides are mainly active against aerobic 
gram-negative rods, including Klebsiella pneumoniae, Pseu- 
domonas aeruginosa , Haem ophilus influenzae, Escherichia coli, 
Pi'oteus m irabilis, Pi'oteus vulgaris, Enterobacter aerogenes, and 
Serratia marcescens, as well as against some mycobacteria 
(. Mycobacterium tuberculosis and Mycobacterium avium - 
intracellulare). Enterobacter pneumonia is usually hospital- 
acquired and occurs mainly in immunocompromised patients, 
as in this case. 

A-D, F Aminoglycosides are not active against Clostridia , 
mycoplasma, bacteroides, Borrelia, and Legionella species. 




learning objective: Identify the antibiotic that is contraindicated 

in a patient suffering from myasthenia gravis. 

18. E Tobramycin is an aminoglycoside antibiotic. These drugs 
are associated with neuromuscular blockade and may cause 
neuromuscular weakness lasting hours to days. Therefore, 
they are relatively contraindicated in patients receiving an- 
esthetics or neuromuscular-blocking agents and in patients 
with neuromuscular diseases such as myasthenia gravis and 
parkinsonism. The U.S. Food and Drug Administration has 
a black box warning for use of tobramycin in patients with 
these diseases. 

A-D These drugs are effective in urinary tract infections 
and do not enhance the neuromuscular blockade caused by 
diseases or drugs. 

learning objective: Explain the mechanism of action oflinezolid. 

19. E The patient’s signs and symptoms indicate that she was 
most likely suffering from acute hematogenous osteomyeli- 
tis, which classically has been a disease of children. Linezolid 
is a relatively new antibiotic that inhibits protein synthesis 
by binding to the 23S portion of the 50S ribosomal subunit 
and preventing formation of the initiation complex. The 
ultimate effect is mainly bacteriostatic. The drug is active 
against methicillin-resistant (MR) and vancomycin-resistant 
(VR) staphylococci. 

A-D All of these antibiotics have a different mechanism 
of action, and they are not active against MR and VR 
staphylococci 

F Tigecycline is active against MR and VR staphylococci 
but has a different mechanism of action; it binds instead to 
the 30S ribosomal subunit and prevents binding of the ami- 
noacyl-transfer RNA(tRNA) to the acceptor site. 

Learning objective: Identify the class of antibiotics that can cause 

dose-dependent ototoxicity. 

20. E Aminoglycosides cause dose-dependent ototoxicity that 
involves both cochlear and vestibular function. Nausea, vom- 
iting, and vertigo indicate impairment of vestibular func- 
tion, and tinnitus and decreased hearing capacity point out 
that cochlear function is affected. 

AMacrolides can rarely cause ototoxicity, but they are not 
active against Serratia marcescens. 

B Some tetracyclines (minocycline) can cause vestibular 
disturbances, but they are not active against S. marcescens. 

C, D Cephalosporins and sulfonamides do not cause 
ototoxicity. 

learning objective: Explain the mechanism of action of macro lides. 

21. D Macrolide antibiotics inhibit bacterial protein synthesis 
mainly by blocking translocation of the newly synthesized 


peptidyl-transfer RNA (tRNA) from the acceptor site to the 
donor site of the ribosome. They are mainly bacteriostatic, 
but they may be bactericidal at higher doses. 

AThis is the mechanism of action of rifampin. 

B This is the mechanism of action of quinolones. 

C This is the mechanism of action of aminoglycosides. 

E This is the mechanism of action of tetracyclines. 

learning objective: Identify the bacterium sensitive to macro lides. 

22. B Campylobacter jejuni accounts for most cases of diarrhea in 
the United States. The diarrhea is usually bloody, especially 
when fever is present, as in this case. Macrolides such as azi- 
thromycin are effective against Campylobacter species. 

A, C, D, F These bacteria can cause diarrhea, but they are 
resistant to macrolides. 

E Some Clostridia species are sensitive to macrolides, but 
Clostridium difficile is not. 

Learning objective: Describe the mechanism of erythromycin- 

induced diarrhea. 

23. B Nausea, vomiting, diarrhea, and abdominal pain may 
accompany the administration of macrolides. These effects 
are dose-related and occur more commonly in children and 
young adults. The mechanism that underlies these adverse 
reactions is still uncertain but is most likely related to mac- 
rolide-mediated activation ofmotilin receptors in the gut. 

A Erythromycin is not active against most enterobacteri- 
aceae. In fact, superinfections are exceedingly rare. 

C Erythromycin does not affect water reabsorption by 
colonic mucosa. 

D Macrolides (mainly erythromycin estolate) can rarely 
cause cholestatic hepatitis, but diarrhea is not a symptom of 
that disease. 

E Allergic reactions to macrolide antibiotics are very rare 
and include mainly fever and skin eruptions. 

Learning objective: Describe the use of macrolides in gonococcal 

urethritis. 

24. CThe patient’s symptoms and lab results suggest the diag- 
nosis of gonococcal urethritis. Because up to 50%of women 
with gonorrhea have coinfection with Chlamydia trachoma- 
tis, azithromycin is usually added to ceftriaxone treatment. 
Other offending pathogens sometimes responsible for coin- 
fection are Ureaplasma urealyticum and Mycoplasma geni- 
talium; both are also sensitive to macrolides. Azithromycin 
is often preferred because a single dose is usually effective. 

A, B, D-F None of these antibiotics are effective against 
chlamydiae, mycoplasmas, or ureaplasmas. 




learning objective: Identify the antibiotic that should be used in a 
patient with renal insufficiency and an infection due to Pseudomo- 
nas aeruginosa. 

25. B Amikacin is an aminoglycoside antibiotic. Because amino- 
glycosides are very polar drugs, they are water soluble, un- 
dergo little hepatic metabolism, and are excreted almost 
entirely by glomerular filtration. As a result, their half-lives 
can increase enormously in patients with kidney failure. 
Aminoglycosides have a narrow therapeutic window, so two 
dosing schedules are currently used to avoid toxicity: reduc- 
tion of the dose or extension of dosing intervals. Both meth- 
ods have advantages and disadvantages. 

ACefoperazone is an anti -Pseudomonas cephalosporin but 
is excreted mainly in the bile, so its dosage does not need to 
be changed in the presence of kidney failure. 

C-F These antibiotics are not effective against P. aeruginosa. 

Learning objective: Identify the drug used to treat inclusion 
conjunctivitis. 

26. E The patient’s symptoms and the lab results indicate that 
the baby most likely has inclusion conjunctivitis, an infection 
due to Chlamydia trachomatis that the newborn acquired 
during passage through an infected birth canal. Macrolides, 
tetracyclines, quinolones, and trimethoprim-sulfamethox- 
azole are effective against chlamydiae, but tetracyclines, 
quinolones, and sulfonamides are relatively contraindicated 
in children. Erythromycin remains the first-line agent for in- 
clusion conjunctivitis in the newborn. 

A, C, D See correct answer explanation. 

B, F Beta-lactam antibiotics and aminoglycosides are not 
effective against chlamydiae. 

learning objective: Describe the main drug interactions involving 
macrolides. 

27. E The patient’s symptoms were most likely due to an in- 
creased plasma concentration oftheophylline. Erythromycin 
metabolites inhibit the P-450 system, thus increasing plasma 
concentration of several drugs given concomitantly, includ- 
ing theophylline, carbamazepine, valproic acid, corticoste- 
roids, digoxin, and warfarin. 

A-D, F These drugs do not interact with theophylline. 

foaming objective: Identify the drug used to treat Legionnaires’ 
disease. 

28. CThe patient’s symptoms (high fever with bradycardia) and 
lab results indicate that he was most likely suffering from 
Legionnaires’ disease, a pneumonia caused by Legionella 
species (mainly Legionella pneumophila). More than 60%of 
patients with Legionnaires’ disease exhibit bradycardia, and 
positive cultures in charcoal yeast extract agar are diagnostic. 
L pneumophila is sensitive to macrolides, fluoroquinolones, 


tetracyclines, trimethoprim-sulfamethoxazole, and rifampin. 
Azithromycin, alone or with rifampin, is a first-line agent. 

A, B, D-F None of these antibiotics are effective against 
L. pneumophila. 

learning objective: Identify a class of antibiotics that exhibits 
mainly bacteriostatic activity. 

29. C Macrolides are mainly bacteriostatic antibiotics with ex- 
cellent activity against mycoplasmas. 

A, B, D, E All of these antibiotics have bactericidal activity. 
Moreover, they are not active against mycoplasmas. 

F Fluoroquinolones are active against mycoplasmas, but 
they are bactericidal, not bacteriostatic. 

learning objective: Identify the antibiotic that can trigger poly- 
morphic ventricular tachycardia in patients at risk. 

30. B Macrolide antibiotics can cause prolongation of the elec- 
trocardiogram QT interval, a condition that increases the 
risk of polymorphic ventricular tachycardia. This primarily 
occurs when macrolides are given in high doses or are given 
together with other drugs that can prolong the QT interval. 
These include several antiarrhythmic drugs, Hj antagonists, 
neuroleptics, tricyclic antidepressants, antimalarials, and 
quinolones. In this case, the patient was taking amitripty- 
line, a tricyclic antidepressant, so she was at increased risk 
of developing ventricular tachycardia when erythromycin 
was taken. 

A, C-F These drugs do not appear to prolong the QT 
interval. 

foaming objective: Identify the antibiotic used to treat cat scratch 
disease. 

3 1 . CThe boy most likely suffered from cat scratch disease, a be- 
nign illness caused by Bartonella enselae, a gram-negative 
rod that infects at least 30%of domestic cats. Cat scratch dis- 
ease is usually self-limited and does not require treatment 
in normal adults. In very young children or in immunocom- 
promised patients, a macrolide is the drug of choice. 

A, B, E Enterococcus faecalis, Clostridium difficile, and Acti- 
nomyces israelii are gram-positive bacteria. 

D Bacteroides fragilis is an anaerobic gram -negative rod 
that causes mainly intra-abdominal infections and is not 
sensitive to aminoglycosides. 

Learning objective: Identify the microorganism sensitive to 
clindamycin. 

32. CThe fact that the patient’s infection started after surgery 
with contamination of the peritoneum and that clindamycin 
was chosen for therapy points out that the main offending 
pathogen was most likely Bacteroides fragilis. Clindamycin 
is a lincosamide antibiotic with very good activity against 



Bacteroides (including B. fragilis). The drug is not first choice 
in bacteroides infections because (3-lactam antibiotics and 
metronidazole are usually preferred, but the patient was al- 
lergic to both. 

A, B, D, E All of these microorganisms are resistant to 
clindamycin. 

Learning objective: Identify the antibiotic used for streptococcal 
pharyngitis in a person allergic to penicillins. 

33. D Erythromycin is the drug of choice for streptococcal infec- 
tions in a patient allergic to penicillins. 

A-C A serious allergic reaction to penicillins contraindi- 
cates the use of all (3-lactam antibiotics except aztreonam. 

EMany streptococcal strains are now resistant to tetracy- 
clines, and these antibiotics are contraindicated in pregnant 
women. 

F Aztreonam is active only against gram-negative bacteria. 

Learning objective: Describe the main erythromycin drug inter- 
actions. 

34. B Macrolides are first-line agents for infection due to Myco- 
plasma pneumoniae. 

Erythromycin metabolites inhibit the P-450 system, so 
they can increase the plasma concentration of several drugs 
given concomitantly, including warfarin. Therefore, the pa- 
tient’s bleeding was most likely due to an increased plasma 
concentration of warfarin. 

A, C-F These drugs do not affect plasma concentration of 
warfarin and are not active against mycoplasma species. 

learning objective: Describe the mechanisms of bacterial resis- 
tance to macrolides. 

35. CResistance to macrolides is mainly plasmid-mediated. The 
two main mechanisms of this resistance are 

• Modification of the binding site on the 50S ribosomal 
subunit. This modification is due to the production of a 
methylase enzyme that adds a methyl group to the ribo- 
somal binding site, “protecting” the site from binding by 
macrolides. 

• Increased activity of the multidrug efflux pump 

A, E See correct answer explanation. 

B, D RNA polymerases and glucuronosyl transferases are 
not drug-inactivating enzymes. 

learning objective: Explain the mechanism of action of tetra- 
cyclines. 

36. D Mediterranean spotted fever is a disease caused by Rick- 
ettsia conorii. Doxycycline is a tetracycline antibiotic that 
has become the drug of choice for most rickettsial diseases 
because of its efficacy, long half-life, and very good oral bio- 
availability. Tetracyclines bind reversibly to the 30S ribosomal 


subunit and block the access of aminoacyl-transfer RNA 
(tRNA) to the acceptor side of the messenger RNA (mRNA) 
ribosome complex. This prevents the addition of amino 
acids to the growing peptide chain and therefore inhibits 
bacterial protein synthesis. 

A This is the mechanism of action of rifampin. 

B This is one of the mechanisms of action of amino- 
glycosides. 

C This is the mechanism of action of chloramphenicol. 

E This is the mechanism of action of (3-lactam antibiotics. 

Learning objective: Identify the drug used to treat Lyme disease. 

37. D The history and the symptoms of the patient indicate that 
she was most likely suffering from Lyme disease, a tick- 
borne borreliosis caused by Borrelia burgdorferi. The first 
stage of the disease begins as a red macule that expands 
(hence the name erythema migrans), often with a central 
clearing, to a diameter as large as 50 cm (about 20 inches). 
The second stage occurs within weeks to months of the 
onset of erythema and is characterized by arthritis (about 
50%of patients) and/or neurologic and cardiac abnormali- 
ties (less than 20%of patients). B. burgdorferi is susceptible 
to the action of tetracyclines, macrolides, penicillins, and 
some second- and third-generation cephalosporins. Tetracy- 
clines are still the drug of choice for the erythema migrans, 
whereas ceftriaxone is the preferred drug for the second 
stage of the disease. 

A-C, E These antibiotics are not effective against Borrelia. 

Learning objective: Identify the drug used to treat relapsing fever. 

38. D The lab results indicate that spirochetes are the offending 
pathogens, and the patient’s symptoms are consistent with 
the diagnosis of relapsing fever. The disease is caused by 
several Borrelia species and transmitted by lice or ticks. In 
the United States, the disease is endemic in areas where 
there are ticks that harbor Borrelia (usually remote settings 
in the western mountains and semiarid plains). The disease 
is characterized by recurrent febrile paroxysms lasting 3 to 5 
days and separated by intervals of apparent recovery, as in 
this case. Borrelia species are sensitive to tetracyclines, mac- 
rolides, penicillins, and some second- and third-generation 
cephalosporins. Doxycycline is often the preferred drug. 

A Syphilis is caused by a spirochete, but the symptoms 
are quite different, and the disease cannot be cured by 
streptomycin. 

B Brucellosis can be cured by streptomycin but is not 
caused by a spirochete. 

C Rocky Mountain spotted fever can be cured by tetra- 
cyclines but is not caused by a spirochete. 

E, F These diseases are not caused by spirochetes and can- 
not be cured by (3-lactam antibiotics. 




learning objective: Explain the mechanism of action of chloram- 
phenicol. 

39. B Chloramphenicol enters the cell by facilitated diffusion 
and binds reversibly with the 50S ribosomal subunit. At this 
site, it prevents binding of the amino acid-containing end 
of the aminoacyl transfer RNA(tRNA) to the acceptor site of 
the 50S ribosomal subunit. Thus, the peptide at the donor 
site cannot be transferred to its amino acid acceptor, and the 
transpeptidation reaction cannot occur. The drug is used 
very rarely for systemic treatment because of its toxicity but 
is frequently used topically, as in this case, as it has a very 
broad activity spectrum. 

AThis is the mechanism of action of (3-lactam drugs. 

C This is the mechanism of action of fluoroquinolones. 

D This is the mechanism of action of antifungal azoles. 

E This is the mechanism of action of aminoglycosides. 

Learning objective: Outline the therapy for neonatal listeriosis. 

40. B Neonatal sepsis occurs in about 1 in 1000 live births. 
Preterm newborns are especially at risk. Mortality ranges 
from 10 to 50%and is higher in those with early-onset dis- 
ease. The most common pathogens found in neonatal sepsis 
are streptococci and staphylococci, but another important 
and often overlooked pathogen is Listeria monocytogenes. A 
penicillin (ampicillin or penicillin G) with an aminoglyco- 
side (mainly gentamicin) is the standard therapy against 
neonatal listeriosis. Ampicillin is very effective against Liste- 
ria, and the aminoglycoside may provide synergy. 

A, D Tetracyclines and macrolides are both active against 
Listeria, but bacteriostatic antibiotics are rarely first-choice 
agents in case of severe, life-threatening infections. 

C, E, F Cephalosporins, aztreonam, and metronidazole are 
not active against Listeria. 

learning objective: Explain the reason for contraindication of 
tetracyclines during pregnancy. 

41. A Lymphogranuloma venereum is a chlamydial disease en- 
demic in parts of Africa, characterized by a transitory pri- 
mary skin lesion followed by suppurative lymphadenitis and 
lymphangitis. Doxycycline and erythromycin rapidly heal 
the disease. Tetracyclines are bound to calcium deposited in 
newly formed bone and teeth of young children and in fetal 
bones. Therefore, they may cause inhibition of fetal growth 
if given during pregnancy. 

B-E Tetracyclines have a negligible risk of these adverse 
effects. 


Learning objective: Identify bacterium sensitive to tetracyclines. 

42. A The patient’s signs and symptoms and the fact that doxy- 
cycline was chosen for therapy indicate that the offending 
pathogen was most likely Vibrio cholerae. Cholera is endemic 
in portions of Asia, Africa, and South and Central America. 
The disease can be subclinical, mild, or fulminant and po- 
tentially lethal. Early treatment with an effective antibiotic 
can stop diarrhea in 48 hours (thus decreasing fluid loss) and 
shorten the duration of the carrier state. V cholerae is sensi- 
tive to macrolides, tetracyclines, and fluoroquinolones. Dox- 
ycycline is often the preferred agent. 

B-E All of these bacteria are resistant to tetracyclines. 

Learning objective: Describe the adverse effects of doxycycline. 

43. D The patient’s history and symptoms indicate that he was 
most likely suffering from a phototoxic reaction due to dox- 
ycycline. Tetracyclines can cause phototoxicity that usually 
has the clinical appearance of an exaggerated sunburn reac- 
tion. Other antibiotics that can cause phototoxicity are fluo- 
roquinolones and sulfonamides. 

A-C, E, F The risk of a phototoxic reaction with these 
drugs is negligible. Moreover, these antibiotics are not active 
against nongonococcal urethritis, which is usually caused by 
Chlamydia trachomatis or Ureaplasma urealyticum . 

Learning objective: Identify the drug used together with quinidine 

to treat Plasmodium falciparum malaria. 

44. C Tetracyclines are effective against some protozoa, includ- 
ing P. falciparum . They are mainly used, together with qui- 
nine or quinidine, in cases of severe malarial attack, as in this 
case. Doxycycline is the preferred drug and should overlap 
quinidine for 2 or 3 days before the latter is discontinued. 

A, B, D-F These drugs are not effective against Plasmodia. 

Learning objective: Identify the antibiotic used to treat infection 

due to vancomycin-resistant Staphylococcus aureus. 

45. F In recent years, methicillin-resistant (MR) staphylococci 
have been associated with the emergence of resistance to 
vancomycin, too. Because vancomycin was considered the 
last-line therapy for MR staphylococci, these findings are 
worrisome. The combination of quinupristin plus dalfo- 
pristin,two antibiotics of the streptogramin family, has been 
shown to be effective against vancomycin-resistant (VR) 
staphylococci, as well as VR Enterococcus faecium , and cur- 
rently represents a first-line treatment against these bacteria. 

A-E VR staphylococci are usually resistant to all the listed 
antibiotics. 




learning objective: Identify the pair of drugs used to treat 
brucellosis. 

46. B Brucellosis is a zoonotic infectious disease characterized 
by an acute febrile stage and a chronic stage with relapses 
of fever, sweats, and vague pains. Brucellae are sensitive to 
several antibacterial drugs, including aminoglycosides, tet- 
racyclines, chloramphenicol, imipenem, rifampin, fluoro- 
quinolones, and trimethoprim-sulfamethoxazole. Because 
treatment with a single agent has been associated with a 
high incidence of relapse, combination therapy is used when- 
ever possible. The combination of doxycycline and an amino- 
glycoside (streptomycin, gentamicin, or amikacin) for 4 weeks 
followed by the combination of doxycycline and rifampin for 
4 to 8 weeks seems to be the most effective regimen. 

A Rifampin is effective against brucellae, but metronida- 
zole is not. 

C-E Brucellae are not sensitive to vancomycin, macrolides, 
penicillins, and cephalosporins. 

Learning objective: Identify the drug used to treat Rocky Moun- 
tain spotted fever. 

47. B The classic triad of fever, rash, and history of tick exposure 
strongly suggests the diagnosis of Rocky Mountain spotted 
fever. The disease is caused by Rickettsia rickettsii and can 
be serious, with a mortality rate of about 5% largely due to 
delay in initiating specific treatment. Rickettsiae are sensi- 
tive to tetracyclines, chloramphenicol, macrolides, and fluo- 
roquinolones, but tetracyclines such as doxycycline remain 
the drugs of choice. 

A, C-F These drugs are not effective against rickettsiae. 

learning objective: Describe the mechanisms of bacterial resis- 
tance to tetracyclines. 

48. E Resistance to tetracyclines is mainly plasmid mediated. 
The major mechanisms are 

• Increased activity of the multidrug efflux pump 

• Decreased uptake of the drug 

• Production of ribosome protection proteins that prevent 

the access of tetracyclines to the ribosome 

Plasmids that include genes involved in the production of 
the tetracycline efflux pump commonly include resistance 
genes for several antibiotics. 

A-D See correct answer explanation. 


Learning objective: Identify the antibiotic causing candidiasis in a 
patient with acne. 

49. E The patient’s genital candidiasis was most likely a super- 
infection caused by antibiotic-mediated alteration of the 
normal genital microflora. Because the woman had acne, 
she most likely received tetracycline, the most common 
antibiotic used in moderate to severe acne. Propionibacte- 
rium acnes is an anaerobic corynebacterium that resides in 
normal skin and participates in the pathogenesis of acne. The 
bacterium is very sensitive to tetracyclines and macrolides. 
The risk of superinfection is higher with broad-spectrum 
antibiotics such as tetracyclines. Long-term treatment with 
these drugs, as in this case, further increases the risk. 

A-D, FNone of these drugs are used to treat acne, and they 
rarely cause superinfections. 

learning objective: Describe the outcome of interaction between 
tetracyclines and dairy products. 

50. E Tetracycline absorption (except that of doxycycline and 
minocycline) is impaired by some cations (Ca 2+ , Mg 2+ , Fe 2+ , 
Al 3+ ) because tetracyclines can chelate these cations, forming 
a complex that cannot permeate the intestinal wall. There- 
fore, products that contain a large amount of these cations 
(e.g., milk and dairy products, antacids, and iron and zinc 
supplements) must not be administered with tetracyclines. 
The decrease in drug oral bioavailability is pronounced 
(50-90 °/Q. 

A-D See correct answer explanation. 
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Answers and Explanations: VLH-3 Inhibitors of Bacterial Nucleic Acid Synthesis 
or Function 


Questions 1-3 

1. B 

2. E 

3. A 

Learning objective: Describe the antibacterial spectrum of 

fluoroquinolones. 

4. C Ciprofloxacin is a fluoroquinolone antibiotic. These drugs 
have a broad antibacterial spectrum that includes some gram- 
positive bacteria, most gram-negative bacteria, and some 
mycobacteria, mycoplasmas, chlamydiae, and rickettsiae. 

A, B Piperacillin and ceftazidime are effective against Pseu- 
domonas aeruginosa but not against mycobacteria, myco- 
plasmas, chlamydiae, and rickettsiae. 

D Erythromycin is effective against mycobacteria, myco- 
plasmas, chlamydiae, and rickettsiae but not against P. aerugi- 
nosa and mycobacteria. 

E Vancomycin is effective only against gram-positive 
bacteria. 

learning objective: Explain the mechanism of resistance to 

sulfonamides. 

5. CMany bacteria originally sensitive to sulfonamides are now 
resistant. Resistance to trimethoprim-sulfamethoxazole is less 
frequent than resistance to either of the agents alone, but it 
still occurs in several cases. When resistance develops, it is 
usually persistent and irreversible. Mechanisms of resistance 
to sulfonamides are 

• Decreased affinity for sulfonamides by dihydropteroate 
synthetase 

• Decreased bacterial permeability to the drug 

• Increased production of para-aminobenzoic acid (PABA). 
For example, some resistant staphylococci may synthesize 
70 times as much PABA as do the susceptible parental 
strains. 

A, E These mechanisms would increase, not decrease, the 
bacterial sensitivity to sulfonamides. 

B Sulfonamides do not act by binding to bacterial ribosomes. 
D Sulfonamides do not act by binding to dihydrofolate 
reductase. 

Learning objective: Identify the drug that can cause dermatitis in 

a previously sensitized person. 

6. C The patient’s history and symptoms suggest that he had 
an allergic reaction to trimethoprim-sulfametoxazole. Rash 
is a common adverse effect associated with sulfonamide use 
and is most frequently due to hypersensitivity. Moreover, 


trimethoprim-sulfamethoxazole has been reported to cause 
up to three times as many dermatologic reactions as do sul- 
fonamides alone. 

A, B, D, E These drugs are not currently used to treat acute 
pharyngitis, and they are not given orally. 

Learning objective: Describe the adverse effects of fluoro- 
quinolones. 

7. E Fluoroquinolones have been associated with an increased 
risk of tendon rupture that can occur even after short-term 
use of these drugs. This adverse effect has been officially re- 
ported in literally hundreds of patients. The mechanism of 
this action seems related to a direct cytotoxic effect of the 
drug on the ligament tissue. In fact, in vitro exposure of ten- 
don tissue to ciprofloxacin resulted in a decrease in fibroblast 
proliferation, a decrease in collagen synthesis, and a signifi- 
cant increase in matrix-degrading proteolytic activity. 

A-D These drugs do not cause tendon rupture. 

learning objective: Describe the main drug interactions with 

fluoroquinolones. 

8. A Products containing divalent and trivalent cations (Mg 2+ , 
Ca 2+ , Zn 2+ , Al 3+ , Fe 2+ ), such as antacids, milk products, and 
Fe 2+ -containing medications, invariably cause a significant 
decrease in intestinal absorption of fluoroquinolones (up to 
70°/§ because fluoroquinolones can chelate the cations, form- 
ing insoluble compounds. This may result in therapeutic fail- 
ures. It is therefore imperative that clinicians question patients 
regarding other medications, both prescription and nonpre- 
scription, that they may be taking and instruct them to avoid 
certain products, as in this case. 

B-E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of ciprofloxacin. 

9. B The patient’s history and symptoms indicate that he was 
most likely suffering from traveler’s diarrhea, a disease de- 
fined as three or more loose stools per day plus at least one 
enteric symptom. The disease is due to enterobacteriaceae, 
with Escherichia coli being the causative agent in more than 
50% of cases. Many antimicrobial agents have been shown 
to shorten the duration and severity of diarrhea, but because 
of the increasing resistance of enterobacteriaceae, currently 
fluoroquinolones, and to a lesser extent trimethoprim-sulfa- 
methoxazole, are recommended for the empiric treatment of 
traveler’s diarrhea. 

A, C-F These drugs are not active against most entero- 
bacteriaceae. 




learning objective: Explain the rationale of the trimethoprim- 

sulfamethoxazole combination. 

10. D The trimethoprim-sulfamethoxazole combination kills sen- 
sitive bacteria, whereas sulfonamides and trimethoprim are 
both bacteriostatic drugs. The synergistic effect of the com- 
bination is most likely due to the inhibition of two consecu- 
tive steps in the synthesis of tetrahydrofolic acid, which is 
essential for the synthesis of purines and then for the syn- 
thesis ofDNA. 

A, E The combination does not affect the pharmacoki- 
netics of either drug. 

B Because both drugs can cause allergic reactions, the risk 
of those reactions, if anything, should be increased, not 
decreased. 

C It is well known that patient compliance is increased 
when fewer pills must be taken, but this is not the reason for 
the drug combination. 

Learning objective: Outline the therapeutic uses of ciprofloxacin. 

11. D The patient’s signs and symptoms indicate that he was 
suffering from pneumonia. The associated relative bradycar- 
dia, gastrointestinal symptoms, and microhematuria sug- 
gest Legionnaires’ disease, a pneumonia caused by Legionella 
species (mainly Legionella pneumophila ), which accounts 
for 1 to 3%of all pneumonias. L pneumophila is sensitive to 
macrolides, fluoroquinolones, tetracyclines, trimethoprim- 
sulfamethoxazole, and rifampin. Erythromycin, alone or with 
rifampin, is the treatment of choice. Fluoroquinolones such 
as ciprofloxacin may be useful in case of intolerance to mac- 
rolides, as in this case. 

A, B, C, F L. Pneumophila is not sensitive to these anti- 
biotics. 

ESee correct answer explanation. 

learning objective: Describe the antibacterial spectrum of fluoro- 
quinolones. 

12. E Haemophilus influenzae can cause otitis media in adults, 
although Streptococcus pneumoniae and Staphylococcus 
aureus are more common. H. influenzae is very sensitive to 
fluoroquinolones, such as ciprofloxacin. 

A-D These bacteria do not cause otitis media and are re- 
sistant to fluoroquinolones. 

learning objective: Outline the therapeutic uses of metronidazole. 

13. B Brain abscesses most commonly arise from a contiguous, 
suppurative source of infection (sinusitis, mastoiditis, and 
dental infection), as in this case. Streptococci are implicated 
in about 60%of cases and include both anaerobic and mi- 
croaerophilic streptococci. Bacteroides are found in about 
40%of cases. Antibiotic therapy for brain abscess needs to 
be sufficiently broad to cover the most likely pathogens. A 


combination of penicillin G and metronidazole is used in 
most cases. Metronidazole achieves abscess fluid concen- 
tration equal to or in excess of serum levels and is bacteri- 
cidal against anaerobes. Moreover, in this case, the apparent 
good activity of clindamycin in the previous sinusitis points 
out that anaerobes are most likely the main bacteria of the 
patient’s abscess. 

A, C-E These antibiotics are not active against anaerobes. 

Learning objective: Explain the mechanism of action of fluoro- 
quinolones. 

14. B Ciprofloxacin is a fluoroquinolone antibiotic. Fluoroquino- 
lones inhibit bacterial DNA synthesis by blocking the follow- 
ing enzymes: 

• Topoisomerase II (also called DNAgyrase). The blockade 
prevents the relaxation of supercoiled DNA, which is re- 
quired for normal transcription (prevalent mechanism in 
gram-negative bacteria). 

• Topoisomerase IV. The blockade interferes with separa- 
tion of replicated chromosomal DNA during cell division 
(prevalent mechanism in gram-positive bacteria). 

AThis is the mechanism of action of (3-lactam antibiotics. 
C This is the mechanism of action of aminoglycosides. 

D This is the mechanism of action of antifungal azoles. 

E Helicases are enzymes involved in DNA strand separa- 
tion during replication. Fluoroquinolones have no activity 
on these enzymes. 

F This is the mechanism of action of rifampin. 

Learning objective: Identify the bacterium that is sensitive to 
trimethoprim-sulfamethoxazole. 

15. E The successful treatment indicates that the offending 
pathogen was sensitive to trimethoprim-sulfamethoxazole. 
Escherichia coli is the most common causative agent of 
urinary tract infection and is sensitive to trimethoprim- 
sulfamethoxazole, even though resistance has significantly 
increased in recent years. 

A-D All of these bacteria are resistant to trimethoprim- 
sulfamethoxazole. 

Learning objective: Describe the main contraindications of 
fluoroquinolones. 

16. F Fluoroquinolones are largely used for urinary tract infec- 
tions because of their excellent activity against most gram- 
negative bacteria, but they are contraindicated in people 
with long QT interval of any cause, as they can increase QT 
interval, predisposing to polymorphic ventricular tachycardia. 

A-E All of these antibiotics are active against gram-nega- 
tive rods and are not contraindicated in persons with long 
QT intervals. 



learning objective: Outline the therapeutic uses of ciprofloxacin. 

17. C Disseminated Mycobacterium avium complex (MAC) in- 
fection is common in end-stage AIDS patients. The risk of 
developing the infection is strongly associated with a CD4+ 
lymphocyte count of less than 100 cells/mm 3 . Transient bac- 
teremia is followed by invasion of tissues resulting in organ 
dysfunction. Any organ can be involved, and patients often 
present with nonspecific symptoms, as in this case. 

The current recommended regimen for MAC infection in- 
cludes three drugs. Clarithromycin plus ethambutol are the 
preferred two, and the third agent may be ciprofloxacin, ri- 
fambutin, or imipenem. 

A, B, D-FNone of these drugs are effective against MAC 

Learning objective: Outline the therapeutic uses of sulfonamides. 

18. D The patient’s signs (a cavitary lesion seen on a chest x-ray) 
and lab results suggest the diagnosis of nocardiosis. Nocar- 
dia asteroides is the most common pathogen in nocardiosis, 
an opportunistic infection associated with several risk fac- 
tors, including immunosuppression, as in this case (see the 
prolonged corticosteroid treatment). In nocardiosis, sulfon- 
amides are first-line agents. Alternative drugs include peni- 
cillins, aminoglycosides, and tetracyclines (doxycycline and 
minocycline). 

A-C, E These antibiotics are not effective against Nocardia. 

learning objective: Outline the therapeutic uses of metronidazole. 

19. A Fulminant colitis is a rare but severe form of pancolitis, 
an inflammation affecting the entire colon. Patients with 
pancolitis are at risk of developing toxic megacolon, and an 
emergency treatment must include intravenous fluid and 
electrolyte therapy, high-dose corticosteroids, and antibiot- 
ics. Because Bacteroides fragilis is the most abundant bacte- 
rium in the human colon, metronidazole remains a first-line 
agent. Fluoroquinolones, clindamycin, cefoxitin, and cefotetan 
may be alternatives. 

B-F These antibiotics are not effective against B. fragilis. 

Learning objective: Identify the bacterium that is sensitive to 

trimethoprim-sulfamethoxazole. 

20. F The patient’s history, the lab results, and the prescribed 
therapy suggest that the pneumonia was due to Pneumocys- 
tis jiroveci , a well-recognized opportunistic infection in AIDS 
patients. The pathogen grows extracellularly in the surfac- 
tant layer of the lung. The blockade of the oxygen exchange 
interface results in hypoxemia and cyanosis. The medication 
of choice for pneumocystis pneumonia is trimethoprim- 
sulfamethoxazole; pentamidine is also effective and may 
be given as an alternate drug. 

A— E, G Pseudomonas aeruginosa , Clostridium difficile , my- 
coplasmas, rickettsiae, spirochetes, and enterococci are re- 
sistant to trimethoprim-sulfamethoxazole. 


learning objective: Outline the therapeutic uses of metronidazole. 

21. BA variety of regimens have been used to eradicate Helico- 
bacter pylori , each with different dosing schedules, adverse 
effects, and cost. Combination therapy with two or three 
antibiotics plus an EL, antagonist or a proton pump inhibitor 
is associated with the highest rate of eradication. Antibiotics 
effective against H. pylori are amoxicillin, clarithromycin, 
metronidazole, and tetracycline. 

A, C-ENone of these pairs include two antibiotics effec- 
tive against H. pylori. 

Learning objective: Explain the mechanism of action of sulfon- 
amides. 

22. D Sulfonamides are competitive inhibitors of the bacterial 
enzyme dihydropteroate synthetase, which is responsible 
for the incorporation of para-aminobenzoic acid (PABA) into 
dihydropteroic acid, the immediate precursor of folic acid. 
Because bacterial cells use PABA to synthesize folic acid, the 
synthesis of folic acid is inhibited. This in turn inhibits the 
synthesis of bacterial purines that are needed for the syn- 
thesis of nucleic acids. In contrast, mammalian cells use pre- 
formed folic acid that is present in the diet and therefore are 
not sensitive to the action of sulfonamides. 

A-C, E These enzymes are not inhibited by sulfonamides. 

learning objective: Describe the use of metronidazole in Clostrid- 
ium dif cile-associated colitis. 

23. A The oral agents most commonly used to treat pseudo- 
membranous colitis due to C. difficile are vancomycin and 
metronidazole. The two drugs have comparable efficacy, but 
when vancomycin fails, a treatment with metronidazole is 
the most appropriate course of action. 

B, C Oral vancomycin produces fecal concentrations that 
are 100 times the concentration needed to inhibit C. difficile , 
so increasing the dose or using intravenous vancomycin are 
not useful options. 

D, E These antibiotics are not effective against C. difficile 
infections. 

Learning objective: Identify the antibiotic that can cause mega- 
loblastic anemia. 

24. D The patient was most likely treated with trimethoprim- 
sulfamethoxazole, a first-line drug combination for urinary 
tract infection. The patient’s symptoms and the lab results 
indicate that she was most likely suffering from megaloblas- 
tic anemia. Trimethoprim may cause the predictable adverse 
effects of an antifolate drug, including megaloblastic ane- 
mia. The anemia is rare in healthy individuals but can occur 
in patients who are already folate-deficient from different 
causes, such as poor diet, malabsorption syndromes, malig- 
nancy, or alcoholism, as in this case. 

A-C, E-G These drugs do not affect folate metabolism. 



learning objective: Outline the therapeutic uses of metronidazole. 

25. EThe patient’s history and symptoms indicate that she was 
most likely affected by Gostridium Jz)Jzcz7e-associated pseu- 
domembranous colitis. The disease has emerged as a major 
threat to elderly patients receiving certain antibiotics. Am- 
picillin, clindamycin, and cephalosporins are the antibiotics 
most commonly associated with the condition. Other drugs are 
penicillins, erythromycin, trimethoprim-sulfamethoxazole, 
fluoroquinolones, and tetracyclines. Ampicillin was most 
likely the causative antibiotic in this case. Metronidazole 
and vancomycin are the two first-line agents for C. difflcile- 
associated colitis. 

A-D, F None of these antibiotics are effective against 
C. difficile. 

Learning objective: Describe the main drug interactions with 
metronidazole. 

26. FBacterial vaginosis is due to a complex alteration ofvaginal 
flora in which lactobacilli decrease and anaerobic pathogens 
overgrow. Topical or oral metronidazole is the agent of choice. 
The drug can inhibit aldehyde dehydrogenase and therefore 
can cause a disulfiram-like effect due to accumulation of 
acetaldehyde in people drinking alcohol concomitantly. The 
reaction may cause flushing, throbbing headache, nausea and 
vomiting, hypotension, and mental confusion. 

A-ENone of these antibiotics interact with alcohol. 

Learning objective: Identify the antibiotic that can cause acute he- 
molytic anemia in patients with congenital glucose-6-phosphate 
dehydrogenase deficiency. 

27. F The patient most likely received trimethoprim-sulfame- 
thoxazole, a drug combination frequently used to treat 
urinary tract infection. The patient’s signs and symptoms 
(tiredness, dark urine) suggest that she was suffering from 
acute hemolytic anemia, a disease that can develop in per- 
sons with congenital deficiency of glucose-6-phosphate 
dehydrogenase when given oxidant chemicals. Glucose-6- 
phosphate dehydrogenase is a key enzyme in reduction 
reactions, and these reactions appear to be essential for 
maintenance of cellular integrity. A deficiency of this en- 
zyme results in an exaggerated sensitivity to the hemolytic 
effect of certain oxidant drugs such as sulfonamides, anti- 
malarials, and certain nonsteroidal antiinflammatory drugs. 

A-E These drugs do not have significant oxidant properties. 

Learning objective: Outline the therapeutic use of trimethoprim- 
sulfamethoxazole. 

28. E Trimethoprim-sulfamethoxazole is still a first-line agent 
against urinary tract infection due to E. coli, even though re- 
sistance has increased over the past several years. Moreover, 


the drug is effective against several enterobacteriaceae (with 
the exception of P aeruginosa and anaerobes) that are usu- 
ally present in urinary tract infections. 

A, B Because the bacterium was resistant to ampicillin 
and ciprofloxacin, it would be illogical to use amoxicillin or 
moxifloxacin because cross-resistance would be likely. 

C, D, F These antibiotics are not effective against E. coli. 

Learning objective: Explain the mechanism of action of 
metronidazole. 

29. D Metronidazole is an antibiotic active against most micro- 
aerophile and anaerobic bacteria and anaerobic protozoa. 
These microorganisms, unlike their aerobic counterparts, 
contain electron transport components called ferredoxins 
that can donate electrons to metronidazole. This donation 
forms a highly reactive nitro radical anion that damages bac- 
terial DNA. The ultimate effect is bactericidal. 

A-C, E All of these antibiotics are active against Bacteroi- 
des fragilis, but they have mechanisms of action different 
from that of metronidazole. 

Learning objective: Explain the adverse fetal effects of trimetho- 
prim-sulfamethoxazole in pregnant women. 

30. B Trimethoprim-sulfamethoxazole combination is currently 
used for urinary tract infection, but sulfonamides have a 
definite risk of causing kernicterus in neonates if given to 
mothers during the third trimester of pregnancy. These drugs 
displace unconjugated bilirubin from plasma albumin, thereby 
allowing free bilirubin to enter the brain. The risk is high in 
neonates because bilirubin conjugation is already defective 
due to the low levels of glucuronosyl transferase. 

A, C, D These drugs are used in urinary tract infections and 
are not contraindicated in pregnancy. 

E, F Aminoglycosides and fluoroquinolones are relatively 
contraindicated in pregnancy, but not because they can cause 
kernicterus. Aminoglycosides can induce fetal ototoxicity, 
and fluoroquinolones can cause articular cartilage erosion. 


INHIBITORS OF BAC1ER1AL NUCLEIC ACID SYNTHESIS OR 
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Answers and Explanations: Vffl-4 Antimycobacterial Drugs 


Questions 1 and 2 

1 H 

2. C 

Learning objective: Explain the mechanism of action ofisoniazid. 

3. A Isoniazid is used alone for the prophylaxis of tuberculosis 
in at-risk patients, including those who are HIVpositive, as in 
this case. The drug inhibits the synthesis of mycolic acids, 
which are specific constituents of the mycobacterial cell wall. 
This can explain, at least in part, why isoniazid is effective 
only against mycobacteria. 

B The synthesis of peptidoglycan is inhibited by (3-lactam 
antibiotics. 

C Arabinosyl transferase is inhibited by ethambutol. 

D Topoisomerase II is inhibited by fluoroquinolones. 

E DNA-dependent RNA polymerase is inhibited by 
rifamycins. 

learning objective: Identify the enzyme involved in mycobacterial 

resistance to isoniazid. 

4. Alsoniazid is a prodrug that must be converted into the active 
compound by a mycobacterial catalase-peroxidase. Resistance 
is often associated with the deletion of the katG gene that 
codes for the synthesis of catalase peroxidase. In this way, 
activation of the prodrug cannot occur. 

B-E These enzymes are not involved in the mechanism of 
resistance of mycobacteria to isoniazid. 

learning objective: Describe the metabolism ofisoniazid. 

5. D Isoniazid is metabolized by hepatic acetylation, which is 
under genetic control. Patients may be fast acetylators (mainly 
among people of Asian origin) or slow acetylators (mainly 
among people of European and African origin). Fast acetyla- 
tors require higher dosage than slow acetylators to obtain 
equivalent therapeutic effects. 

A-C, E These drugs are not metabolized by acetylation. 

learning objective: Explain the mechanism of action of rifampin. 

6. A Rifampin inhibits DNA-dependent RNA polymerase in my- 
cobacteria and other sensitive microorganisms by binding to 
the (3 subunit of the enzyme to form a stable drug-enzyme 
complex. This leads to suppression of initiation of chain for- 
mation in RNA synthesis. The ultimate effect is bactericidal. 

BThis enzyme is inhibited by ethambutol. 

CThis enzyme is inhibited by (3-lactam antibiotics. 

D This enzyme is inhibited by fluoroquinolones. 

E This enzyme is inhibited by reverse transcriptase 
inhibitors. 


learning objective: Explain the mechanism of action of ethambutol. 

7. CEthambutol inhibits arabinosyl transferase, disrupting the 
synthesis of arabinogalactan, an essential component of the 
mycobacterial cell wall. The ultimate effect is bacteriostatic. 

A This enzyme is inhibited by trimethoprim. 

BThis enzyme is inhibited by chloramphenicol. 

D This enzyme is inhibited by fosfomycin. 

EThis enzyme is inhibited by sulfonamides. 

F This enzyme is inhibited by vancomycin. 

learning objective: Identify the antibiotic that is most likely in- 
cluded in the pharmacotherapy of Mycobacterium avium complex 
(MAC) infection. 

8. D MAC infection is common in end-stage AIDS patients, 
and the risk of developing the infection is the highest when 
the CD4+ lymphocyte count is less than 50 cells/mm 3 , as in 
this case. MAC is much less susceptible than Mycobacterium 
tuberculosis to most antimycobacterial drugs, and in most 
cases disseminated MAC is incurable and therapy is lifelong. 
Drug regimens for MAC should include at least three drugs, 
and one ofthese must be a macrolide, such as clarithromycin 
or azithromycin, as these are the only antibiotics for which a 
correlation between in vitro susceptibility tests for MAC and 
clinical response has been demonstrated. Other drugs active 
against MAC are rifampin, ethambutol, ethionamide, imipe- 
nem, and fluoroquinolones. 

A-C, E These drugs are not active against MAC. 

learning objective: Describe the prophylactic use ofisoniazid in 
close contacts of people with active tuberculosis. 

9. C Isoniazid is the drug of choice to prevent tuberculosis in 
skin test converters and in close contacts of patients with 
active disease, as in this case. The drug is given as the sole 
agent for at least 6 and up to 12 months. In people at high 
risk of infection with multidrug-resistant strains (i.e., HIV- 
positive patients), preventive therapy is usually performed 
with more than one drug. 

A, B, D, E These drugs are not used for prophylaxis of tu- 
berculosis unless the patient is at high risk of infection. 

learning objective: Describe the adverse effects of ethambutol. 

10. D The signs and symptoms of the patient are most likely due 
to ethambutol-induced optic neuritis, a serious adverse ef- 
fect of the drug that is dose- and duration-related. Because 
of this, periodic visual acuity testing is desirable during eth- 
ambutol therapy. Recovery is usually, but not always, com- 
plete when the drug is discontinued. 

A-C, E These drugs do not cause optic neuritis. 




learning objective: Outline the pharmacotherapy for hemorrhagic 
mycobacterial pericarditis. 

11. D This patient demonstrates many of the clinical features 
of constrictive pericarditis, including an inspiratory increase 
of systemic venous pressure (Kussmaul sign), third heart 
sound, and narrow pulse pressure. The slow development 
of symptoms and the large amount of bloody fluid removed 
by pericardiocentesis indicate subacute effusive-constrictive 
pericarditis. The two most common causes for hemorrhagic 
pericarditis are tuberculosis (TB) and metastatic carcinoma. 
Because the patient is HIV positive, TB is much more likely. 
In fact, TB is the leading cause of death in HIV-infected peo- 
ple worldwide. Antimycobacterial therapy should be carried 
out if a TB origin can be diagnosed, is suspected, or cannot be 
excluded in a patient with chronic constrictive pericarditis. 
Isoniazid and rifampin are the leading drugs for TB even if, as 
in this case, a four-drug regimen including pyrazinamide 
and ethambutol should be administered because TBpericar- 
ditis is a serious infection, and HIV patients are also at risk 
of developing TB meningitis. 

A-C, E These combinations contain at least one drug not 
active against Mycobacterium tuberculosis. 

Learning objective: Identify the drug to be used prophylactically 
in close contacts of patients with meningococcal meningitis. 

12. E Rifampin is the drug of first choice for chemoprophylaxis 
of close contacts ofpatients with meningococcal meningitis. 
The potential for a close contact to become infected with 
Neisseria meningitidis is 500 to 800 times greater than for 
the total population. The drug should be administered as 
soon as possible because the risk of secondary disease is 
greatest within 2 to 5 days after exposure to the index case. 
Other drugs used for chemoprophylaxis include ceftriaxone 
and ciprofloxacin. 

A-D These antibiotics are not active against N. meningitidis. 

learning objective: Describe the antibacterial spectrum of rifampin. 

13. B The antimicrobial spectrum of rifampin is broad. The drug 
is active against most mycobacteria; most gram -positive bac- 
teria, including methicillin-resistant staphylococci; and many 
gram-negative bacteria, including Escherichia coli , Proteus, 
Klebsiella, Legionella, Brucella, Haemophilus, Chlamydia, and 
Rickettsia species and poxviruses. 

A, D, E These drugs are active only against mycobacteria. 

C Aminoglycoside antibiotics are active mainly against 
gram-negative aerobic bacteria. 

Learning objective: Describe the appropriate therapy for a patient 
treated with rifampin when another drug is given concomitantly. 

14. A Rifampin is a strong inducer of the hepatic P-450 system 
and can increase the metabolism of many drugs, including 


glucocorticoids, oral contraceptives, methadone, (3-blockers, 
and warfarin. Therefore, the dose of warfarin should be in- 
creased to maintain an appropriate anticoagulant effect. 

B The dose of propranolol should be raised, not reduced, 
because the metabolism of the drug is increased. 

C-E All of these options are irrational. 

Learning objective: Describe the hepatotoxicity of isoniazid. 

15. D The symptoms of the patient and the lab results indicate 
that she was most likely suffering from isoniazid-induced 
hepatitis, which is the most frequent major toxic effect of 
isoniazid. It occurs in about l%of patients and can lead to 
potentially fatal multilobular necrosis. The risk increases with 
age and in alcoholics, as in this case. 

A-C, E These disorders cause neither the symptoms re- 
ported by the patient nor an increase in aminotransferase 
level. 

F Ethambutol-induced hepatitis is a very rare disorder. 

learning objective: Describe the main reason for the use of eth- 
ambutol in the pharmacotherapy of tuberculosis (TB). 

16. E The main reason for the use of any drug combination in 
the therapy of TB is to delay the emergence of resistance. 
In the case of ethambutol, this is by far the primary reason, 
as the drug has only weak bacteriostatic activity against 
Mycobacterium tuberculosis and cannot add significant anti- 
bacterial effect to a given therapeutic regimen. 

A-D All of these options are irrational. 

Learning objective: Describe the adverse effects of pyrazinamide. 

17. B The gastrointestinal symptoms and the high aminotrans- 
ferase levels (which suggest some liver dysfunction), together 
with the joint pain and hyperuricemia, strongly indicate that 
pyrazinamide is the drug that caused these adverse effects. 
Hepatotoxicity is the major limiting adverse effect of pyra- 
zinamide, is dose-related, and is far less common today with 
current dosing regimens. Arthralgia is also common and 
dose-related. Hyperuricemia is seen in more than 50%of pa- 
tients taking the drug and is likely due to inhibition of uric 
acid secretion. 

A Rifampin very rarely causes hepatitis but can substan- 
tially increase the risk of hepatotoxicity when given to- 
gether with pyrazinamide. However, it does not cause 
hyperuricemia. 

C Isoniazid can cause hepatotoxicity, but hyperuricemia is 
very rarely reported. 

D, E These drugs do not cause hepatotoxicity or hyper- 
uricemia. 



learning objective: Describe the therapeutic strategy for multi- 
drug -resist ant tuberculosis (TB). 

18. E The starting treatment of this patient is standard for ac- 
tive TB, but when resistance occurs, the treatment must 
be changed. There is no standard regimen for multidrug- 
resistant TB, but it is critical to avoid adding or substituting 
a single drug to a failing regimen. Adding one drug at a time 
leads to the sequential selection of drug resistance. There- 
fore, two or more previously unused drugs, chosen among 
the second-line agents, should be substituted. Second-line 
agents include some aminoglycoside antibiotics (mainly 
streptomycin; amikacin is also active), ethionamide, cycloser- 
ine, ^-aminosalicylic acid, and fluoroquinolones. Most fluo- 
roquinolones have excellent antimycobacterial activity in 
vitro; moxifloxacin seems the most active clinically. 

A-D All of these combinations contain at least one drug 
that is not active against Mycobacterium tuberculosis. 

Learning objective: Describe the use of pyridoxine to prevent 
isoniazid-induced neurotoxicity. 

19. B The patient is most likely suffering from isoniazid-induced 
peripheral neuropathy. Neurotoxicity is the most common ad- 
verse effect ofisoniazid when the daily dose exceeds 6 mg/kg 
(unless pyridoxine is given concurrently), likely because the 
drug promotes the excretion of pyridoxine, a vitamin in- 
volved in several metabolic transformations, including the 
synthesis of some neurotransmitters (gamma-aminobutyric 
acid, norepinephrine, and serotonin). The risk of neurotoxic- 
ity is increased in slow acetylators, alcoholics, and diabetics, 
as in this case. Peripheral neuropathy is the main sign ofiso- 
niazid neurotoxicity (it can affect as many as 20%of patients 
at risk), but high doses can also provoke memory loss, confu- 
sion, hallucinations, and seizures. Most neurotoxic effects can 
be prevented or corrected by pyridoxine supplementation 
without losing the antibacterial effect, 

A, C-E These drug are useless in isoniazid-induced neuro- 
toxicity. 

learning objective: Explain the most common mechanism of bac- 
terial resistance to rifampin. 

20. C Resistance to rifampin results primarily from mutation in 
the gene that codes for the (3 subunit of RNA polymerase. 
This mutation prevents binding of rifampin to the enzyme. 

A, B, D, E These enzymes are not involved in the bacterial 
resistance to rifampin. 


Learning objective: Identify the first-line agent to treat leprosy. 

21. D Leprosy is an exceedingly rare disease in the developed 
world, but about 5000 cases are reported each year in the 
United States, mainly in immigrants from Mexico and Cen- 
tral America, as in this case. Lepromatous leprosy is the most 
severe form of the disease because life-threatening complica- 
tions (erythema nodosum leprosum and necrotizing skin 
reaction) can develop. Dapsone, a sulfone derivative, is the 
mainstay of therapy. The drug concentrates in the infected 
skin, which explains, at least in part, its undisputed efficacy. 
Other drugs active against Mycobacterium leprae are rifampin, 
clofazimine, macrolides, tetracyclines, and fluoroquinolones. 

A-C, E, F These antibiotics are not effective against M. 
leprae. 

Learning objective: Explain the mechanism of bacterial resistance 

to ethambutol. 

22. C A general mechanism of resistance to antimycobacterial 
drugs is related to mutation of genes that encode for the syn- 
thesis of enzymes that are inhibited by the drug. This muta- 
tion inhibits binding of the drug to the enzyme, preventing 
antibacterial activity. Ethambutol resistance is thought to 
result primarily from mutation in the gene that encodes for 
mycobacterial arabinosyl transferase, the enzyme specifically 
inhibited by the drug. 

A, B, D-F These actions are not involved in the mycobac- 
terial resistance to ethambutol. 
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Answers and Explanations: VLH-5 Antifungal Drugs 


Questions 1-3 

1 B 

2. A 

3. B 

Learning objective: Explain the mechanism of action of amphoter- 
ic in B. 

4. B Amphotericin B binds to fungal cell membranes and causes 
the formation of artificial pores through which ions and small 
molecules are lost. This causes the death of the fungal cell. 

A, C-E See correct answer explanation. 

Learning objective: Identify the antifungal drug that acts by inhib- 
iting the fungal P-450 system. 

5. CCoccidioides immitis is sensitive to amphotericin Band anti- 
fungal azoles. Azole antifungals, primarily fluconazole and 
itraconazole, have replaced amphotericin B as initial therapy 
for most chronic pulmonary and disseminated infections. 
Amphotericin Bis now usually reserved for patients with rap- 
idly progressive coccidioidal infections. Azoles act by inhibit- 
ing the cytochrome P-450 system in fungal cells. The inhibition 
blocks the synthesis of ergosterol in the fungal cell mem- 
brane, leading to an antifungal effect. Relative selectivity 
occurs because the affinity for mammalian P-450 isozymes 
is less than that for the fungal isozymes. However, azoles can 
also block mammalian P-450 isozymes in the liver, which can 
explain the increased plasma concentration of many other 
drugs when coadministered with azoles. 

A, B, D-F These drugs do not block the fungal synthesis of 
ergosterol. 

learning objective: Identify the alternative drug to be used to treat 

cryptococcal meningitis when amphotericin Bis not tolerated. 

6. E Cryptococcal meningitis is common in patients with AIDS 
and is always fatal if untreated. Amphotericin B and flucyto- 
sine represents the standard therapy but is associated with 
frequent adverse reactions, including renal insufficiency and 
bone marrow suppression. Fluconazole is a useful alternative 
in patients who experience severe adverse effects. The anti- 
fungal spectrum of azoles includes Cryptococcus neoform ans, 
but fluconazole is the preferred azole in case of meningitis 


because it easily crosses the blood-brain barrier. AIDS pa- 
tients with cryptococcal meningitis frequently are treated in- 
definitely with fluconazole to prevent recurrence of clinical 
disease. 

A, B Terbinafine and griseofulvin are effective only against 
superficial mycoses due to dermatophytes. 

CNystatin is structurally similar to amphotericin Band has 
the same mechanism of action and the same antifungal spec- 
trum in vitro, but it is too toxic to be used systemically. 

D Caspofungin is effective only against Candida and Asper- 
gillus species. 

Learning objective: Identify the drug used to treat genital 
candidiasis. 

7. C The patient’s symptoms and lab results suggest he was 
suffering from genital candidiasis, which can occur in people 
without underlying illnesses but is more common in those 
with diabetes mellitus or with the use ofeertain drugs (broad- 
spectrum antibiotics, corticosteroids, or immunosuppressants). 
Budding yeast cells and pseudohyphae of Candida albicans, 
the most common Candida species causing candidiasis, can be 
detected by microscopic examination of biologic specimens. 
C. albicans is sensitive to most antifungal drugs, but for geni- 
tal candidiasis, a topical or oral azole derivative or topical ny- 
statin is the first-line treatment. Oral and topical therapies 
are therapeutically equivalent. 

A Nystatin is effective against Candida species, but it is 
used only topically because of its toxicity. 

B, D, E These agents are not antifungal drugs. 

F Griseofulvin is not effective against C albicans. 

learning objective: Outline the pharmacotherapy of systemic 
candidiasis. 

8. EThe patient’s signs, symptoms, and x-ray suggest a systemic 
mycosis. Lab results confirm the diagnosis of systemic candi- 
diasis, which accounts for about 80%of major systemic fungal 
infections. Amphotericin B, antifungal azoles, and echinocan- 
dins are first-line agents for systemic candidiasis. 

A-D All of these fungal infections are paired with the ap- 
propriate treatment, but they do not produce chlamydospores 
in blood cultures. 



learning objective: Explain the mechanism of action of flucytosine. 

9. CFlucytosine is accumulated in fungal cells and is converted 
by a cytosine deaminase to 5-fluorouracil (selectivity occurs 
because mammalian cells do not accumulate and do not de- 
aminate flucytosine). Fluorouracil is in turn metabolized to 
5-deoxyfluorouridylic acid, a potent inhibitor ofthymidylate 
synthetase, the enzyme responsible for converting deoxyu- 
ridine monophosphate to deoxythimidine monophosphate. 
This reduces the availability of thymidylic acid, impairing 
DNA synthesis. The drug is not used alone but is given to- 
gether with itraconazole in chromoblastomycosis to avoid 
the development of resistance. 

A, B Fluorouracil and cytarabine can inhibit DNA synthesis 
in mammalian cells but are not accumulated in fungal cells 
and therefore are devoid of antifungal activity. 

D-F These antifungal drugs do not inhibit DNA synthesis. 

Learning objective: Identify the drug used to treat meningeal 
coccidioidomycosis. 

10. D The patient’ signs and symptoms suggest the diagnosis of 
meningitis, and the lab results confirm that the man was 
suffering from meningeal coccidioidomycosis. The infection 
is caused by Coccidioides immitis, a soil mold that lives in 
semiarid regions of the globe, including the southwestern 
United States. Inhalation of the arthrospores leads to a pri- 
mary infection that is asymptomatic in 60%of individuals. 
Others develop a flulike self-limited illness called valley fever 
or desert rheumatism. Following inhalation, the arthrospores 
form spherules that contain endospores. In biologic speci- 
mens, these spherules are diagnostic of C. immitis infection. 
In less than 1 %of individuals, a secondary or disseminated 
infection evolves within a year after the primary one. This 
secondary infection is often life-threatening and can affect 
many parts of the body and tissues, but the most frequent 
are the bone, joints, and meninges. Untreated meningitis is 
always fatal. 

C. immitis is sensitive to amphotericin B and antifungal 
azoles. Fluconazole is the first-line agent for meningeal coc- 
cidioidomycosis. It easily crosses the blood-brain barrier, and 
cerebrospinal fluid concentrations are 50 to 90%of plasma 
concentrations. 

A Itraconazole is effective against C. immitis, but penetra- 
tion into the brain is negligible. 

B, C These antifungal drugs are not effective against C. 
immitis. 

E, F These agents are not antifungal drugs. 

Learning objective: Outline the pharmacotherapy of cryptococcal 
meningitis. 

11. D The patient’s history, signs and symptoms, and lab re- 
sults suggest the diagnosis of cryptococcal meningitis. After 


toxoplasmosis, cryptococcosis is the most common central 
nervous system infection associated with AIDS. Cryptococcus 
neoform ans is a yeast that is characterized by a thick poly- 
saccharide capsule. During infection, the capsular polysac- 
charide is dissolved in spinal fluid and can be detected by 
an agglutination test that is diagnostic of cryptococcosis. 

C. neoform ans is sensitive to amphotericin B, flucytosine, 
and antifungal azoles. The current treatment recommended 
for acute cryptococcal meningitis is amphotericin B plus 
flucytosine. Synergism between the two drugs has been 
demonstrated in vitro and in vivo. It may be related to en- 
hanced penetration of flucytosine through the amphotericin- 
damaged fungal cell membrane. 

A-C These agents are not antifungal drugs. 

E, F These antifungal drugs are not effective against C. 
neoform ans. 

Learning objective: Identify the drug used to treat candiduria. 

12. B The patient is suffering from candiduria, a condition often 
related to the placement of an indwelling urinary catheter, 
especially if the patient is taking broad-spectrum antibiotics, 
as in this case. Eradication of Candida in the urine includes 
the removal of the catheter and an antifungal treatment. 
Treatment options include amphotericin B, fluconazole, 
and an echinocandin such as caspofungin. However, in this 
patient, amphotericin B, which directly damages renal tu- 
bules, is contraindicated because of chronic renal dysfunc- 
tion. Echinocandins are the newest class of antifungal drugs. 
They act by inhibiting the synthesis of (3-glucan, an essential 
constituent ofthe fungal cell wall. Their antifungal spectrum 
is limited to Candida and Aspergillus species. Echinocandins 
are approved for treatment of mucocutaneous or dissemi- 
nated candidiasis. 

A See correct answer explanation. 

C, D Piperacillin and metronidazole are not antifungal 
drugs. 

E Though an antifungal drug, griseofulvin is not effective 
against C albicans. 

Learning objective: Recognize the adverse effects of amphoteri- 
cin B. 

13. A The lab results indicate that the patient was suffering 
from renal insufficiency. Amphotericin B is the drug of 
choice for many systemic mycoses, but it can cause serious, 
dose-dependent renal dysfunction due to direct damage of 
renal tubules. Azotemia, renal tubular acidosis, and K + wast- 
ing are the most prominent symptoms. 

B-D These antifungal drugs do not cause renal toxicity. 

E, F These agents are nephrotoxic but are not antifungal 
drugs. 



learning objective: Identify the site of action of terbinafine. 

14. C Tinea manus is a cutaneous mycosis caused by dermato- 
phytes that infect only the superficial, keratinized tissues. 
These fungi are probably restricted to the nonviable, kerati- 
nized tissues (stratum corneum, hairs, nails) because most 
are unable to grow at 37°C(98.6°F). Dermatophytoses can be 
treated locally with several antifungal drugs, but a first-line 
agent for systemic treatment is terbinafine. The drug has 
good oral bioavailability and is deposited in newly formed 
keratinized tissues, where it exerts its antifungal action. 

A, B, D, E See correct answer explanation. 

F Terbinafine can be deposited in the hair shaft, where it 
can cure tinea capitis, but in this case, the fungus is in the 
skin’s stratum corneum, not in the hair. 

Learning objective: Identify the drug used to treat mycoses due 
to Trichophyton tonsurans. 

15. CThe microscopic examination ofthe hair suggests the diag- 
nosis of “black dots” tinea capitis, a skin mycosis caused by 
T. tonsurans. Cutaneous mycoses are caused by fungi (mainly 
dermatophytes) that infect only the superficial keratinized 
tissues. Dermatophytes are sensitive to terbinafine, antifun- 
gal azoles, griseofulvin, and amphotericin B, but the first two 
are agents of choice in cutaneous mycoses because they are 
deposited in newly forming skin, where they bind to keratin, 
protecting the skin from the infection. Griseofulvin is less 
frequently used today because of its toxicity. 

A, B, D These agents are not antifungal drugs. 

E Amphotericin B is only used topically for cutaneous 
mycoses. 

F Flucytosine is a systemic antifungal drug but is not ef- 
fective against dermatophytes. 

Learning objective: Describe the use of glucocorticoids to prevent 
amphotericin B-related infusion reaction. 

16. D The intravenous administration of amphotericin B can 
cause an infusion reaction with fever, chills, muscle spasms, 
headache, vomiting, and hypotension. Premedication with 
nonsteroidal antiinflammatory drugs, antihistamines, or glu- 
cocorticoids can alleviate the syndrome. The cause of this 
reaction is still uncertain, but histamine and prostaglandin 
release seems to be involved. 

A-C, E, F See correct answer explanation. 

Learning objective: Outline the pharmacological therapy of geni- 
tal candidiasis. 

17. CThe patient’s symptoms and lab results suggest that she was 
suffering from vulvovaginal candidiasis, the most common 


opportunistic mycosis of the genital tract in women taking 
oral contraceptives. Other predisposing factors are pregnancy, 
menstruation, diabetes mellitus, and use of broad-spectrum 
antibiotics, corticosteroids, or immunosuppressive drugs. 
Budding yeast cells and pseudohyphae of Candida albicans, 
the most common Candida species causing candidiasis, can 
be detected by microscopic examination of biologic speci- 
mens. Local therapy of vulvovaginal candidiasis includes 
azoles and nystatin. Cure rates for uncomplicated vulvovagi- 
nal candidiasis are 80 to 95%with topical or oral azoles and 
70 to 90%with nystatin. 

A, B, D-F All of these mycoses are incorrectly paired with 
the appropriate therapeutic agent. 

Learning objective: Identify the drug used to treat invasive pulmo- 
nary aspergillosis. 

18. D Fungi of the genus Aspergillus usually coexist with man 
in harmless symbiosis. In special circumstances, however, 
some species may play an opportunistic role in producing 
disease in humans. Patients with chemotherapy- induced 
neutropenia or impaired immune responses from any cause 
are at high risk for invasive pulmonary aspergillosis, as in 
this case. Recent studies indicate that the isolation of asper- 
gilli in bronchoalveolar lavage fluid correlates strongly with 
histologic evidence of parenchymal invasion. The disease must 
be treated aggressively with amphotericin B or voriconazole, 
which most experts now consider a first-line agent. Despite 
treatment, the mortality rate remains high (30-90%). 

A Flucytosine is effective in vitro against Aspergillus 
species but is not clinically effective in case of invasive 
aspergillosis. 

B, C These antifungal drugs are not effective against Asper- 
gillus species. 

E Nystatin is too toxic for parenteral administration and 
is only used topically. 

learning objective: Explain the mechanism of antifungal action 
of terbinafine. 

19. C Terbinafine is an antifungal drug that inhibits fungal 
squalene epoxidase, the enzyme that catalyzes the conver- 
sion of lanosterol into ergosterol. The inhibition leads to the 
accumulation of squalene, which is toxic to dermatophytes. 
The drug is deposited in keratinized tissue and is used in the 
treatment of dermatophytoses, mainly onychomycosis. The 
drug is fungicidal and is therefore more effective than griseo- 
fulvin, which is fungistatic. 

A, B, D, E See correct answer explanation. 



learning objective: Identify the drug used to treat disseminated 
histoplasmosis. 

20. A The fact that uninucleated, encapsulated microorganisms 
are found intracellularly suggests an infection with Histo- 
plasma capsulatum . Other intracellular microorganisms are 
either multinucleate, such as blastomyces, or not encapsu- 
lated, such as the intracellular stage of several pathogenic 
protozoa. Infection with H. capsulatum is extremely com- 
mon. In the vast majority of cases, it is subclinical, or it may 
manifest itself as a mild, self-limited pneumonia. Progressive 
disseminated histoplasmosis usually occurs in people with 
suppressed cell-mediated immunity, especially if they are 
from endemic areas (Mississippi River valleys and the Carib- 
bean basin), as in this case. Most laboratory findings are 
nonspecific, but the lactate dehydrogenase level can reach 
10 times above normal. Progressive disseminated histoplas- 
mosis has a high fatality rate. Amphotericin B remains the 
first-line agent, but mild cases can be treated initially with 
parenteral azoles. 

B-E See correct answer explanation. 

learning objective: Describe griseofiilvin-induced photosensitivity. 

21. D The location of the fungal infection suggests that the pa- 
tient was most likely suffering from tinea barbae, a derma- 
tophytosis most often caused by fungi of the Trichophyton 
genus. Griseofulvin and terbinafine are the agents of choice. 
Griseofulvin can cause both a phototoxic and a photoallergic 
reaction in sun-exposed areas. Other antifungal drugs that 
can cause photosensitivity effects are antifungal azoles. 

A-C These antifungal drugs are not effective against der- 
matophytosis, and they do not cause photosensitivity. 

E, F These antibiotics can cause photosensitivity but are 
not effective against fungal infections. 

Learning objective: Explain the main advantage of liposomal 
preparations of amphotericin B. 

22. C In liposomal preparations of amphotericin B, the drug is 
contained inside lipid delivery vehicles. The drug binds to 
the lipids of these vehicles with an affinity that is lower than 
that for fungal ergosterol but higher than that for human 
cholesterol. Thus, the drug is more likely to be delivered to 
fungi than to human cells. Moreover, some fungi contain li- 
pases that can liberate free amphotericin B directly at the 
site of infection. Therefore, the liposomal preparations allow 
a reduction of toxicity; that is, they improve the therapeutic 
index of the drug. However, although laboratory experiments 


found very large differences between the lethal dose of lipo- 
somal formulations and those of regular formulations, the 
clinical improvement obtained with the liposomal vehicles 
is, at best, moderate. 

ADecreased interactions with other drugs could occur, but 
this is not the main advantage of liposomal preparations. 

B Amphotericin B is the active molecule, and the antifun- 
gal activity spectrum is the same. 

D The clearance of liposomal preparations can be de- 
creased or increased, but this is not the reason for their 
advantage over the regular preparation. 

E Intestinal absorption of all amphotericin B formula- 
tions is negligible. 

Learning objective: Outline the therapy for severe invasive 
candidiasis. 

23. D Because of its broad spectrum of fungicidal activity, am- 
photericin B remains the first-line agent for nearly all severe 
fungal infections. Due to toxicity, the drug is often used ini- 
tially to rapidly reduce fungal load and then is replaced by 
another less toxic antifungal agent, as in this case. 

A-C, E, F All of these pairs include at least one drug that 
is not effective against systemic candidiasis. 

Learning objective: Explain the mechanism of resistance to 
fluconazole. 

24. CFungal resistance to drugs in the azole class tends to occur 
gradually over the course of prolonged drug therapy. In Can- 
dida infections, resistance occurs by way of mutations in the 
gene that encodes for an enzyme of the P-450 system. These 
mutations prevent the azole drug from binding and inhibit- 
ing the enzyme. Development of resistance to one azole in 
this way confers resistance to all drugs in the class. 

A, B, D-F These actions are not involved in the mycobacte- 
rial resistance to fluconazole. 
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Answers and Explanations: Vffl-6 Antiviral Drugs 


Questions 1-3 

1. F 

2. C 

3. E 

learning objective: Describe the mechanism of action of 
raltegravir. 

4. E Raltegravir is an integrase inhibitor. Drugs from this class 
block the transfer of reverse-transcribed HIV DNA into the 
chromosomes of host cells, thus preventing the final step of 
provirus integration. It is used mainly when standard antiret- 
roviral therapy is not effective for a given patient, as in this 
case. 

A This drug is a reverse transcriptase inhibitor. 

B-D These drugs are protease inhibitors. 

learning objective: Explain the reason for a ritonavir-lop inavir 
combination. 

5. E Ritonavir is a powerful inhibitor of the CYP3A4 enzymes. 
Even when given in subtherapeutic doses, the drug inhibits 
the metabolism of lopinavir with a resultant increase of 
lopinavir plasma levels. This permits lower or less frequent 
dosing with greater tolerability. Therefore, in this combina- 
tion, ritonavir is mainly acting as a pharmacokinetic enhancer, 
and for this reason it is currently given mainly in association 
with another protease inhibitor. 

A-D, F See correct answer explanation. 

Learning objective: Describe the adverse effects of protease 
inhibitors. 

6. EMost protease inhibitors can cause a Cushing-like syndrome 
with central obesity, dorsocervical fat enlargement (buffalo 
hump), and peripheral wasting. The syndrome is related to an 
impairment of glucose and lipid metabolism (hyperlipidemia 
and hyperglycemia with insulin resistance are common) and 
may affect up to 50%of patients receiving protease inhibitors 
for several months. 

A-D These antiretroviral drugs do not cause a Cushing-like 
syndrome. 

Learning objective: Identify which step of the viral growth cycle 
is inhibited by acyclovir. 

7. C The prescribed drug was most likely acyclovir, a first-line 
agent for herpes genitalis. Oral therapy speeds up the healing 


and reduces the frequency of reactivation episodes. Acyclovir 
must be activated by phosphorylation, then the triphosphate 
compound competitively inhibits viral DNApolymerase, thus 
blocking DNA synthesis. Transcription is therefore inhibited. 

A, B, D-F See correct answer explanation. 

learning objective: Explain the mechanism of action of gancyclovir. 

8. C Ganciclovir and acyclovir are nucleoside analogues that must 
be phosphorylated first by virus-specific enzymes. Both drugs 
are phosphorylated by a viral thymidine kinase in herpes 
simplex virus (HSV)-infected cells. Ganciclovir is also phos- 
phorylated by a specific viral phosphotransferase in cytomeg- 
alovirus (CMV)-infected cells. This explains why both drugs 
are active against HSV, but only ganciclovir is effective against 
CMV. 

AFoscarnet is used in CMV retinitis, but it does not require 
activation by phosphorylation. 

B, D Ribavirin and acyclovir have no activity against CMV 
infections. 

E, F Vidarabine and zidovudine are nucleoside analogues 
that must be phosphorylated to become active. However, for 
these drugs, phosphorylation is carried out by host cell en- 
zymes only, and these drugs are not effective against CMV. 

Learning objective: Outline the prophylactic use of neuraminidase 

inhibitors. 

9. E Vaccination plus chemoprophylaxis against influenza is ad- 
visable for residents of nursing homes or other chronic care 
facilities and personnel who have extensive contacts with 
high-risk patients, as in this case. Oseltamivir and zanamivir 
are inhibitors of neuraminidases produced by influenza Aand 
B viruses. These enzymes cleave sialic acid residues from cell 
surfaces, thus promoting the release of newly formed virus 
from the surface of infected cells. Both drugs cause a signifi- 
cant reduction of the symptoms of influenza A and B and are 
therefore preferable to amantadine, which is effective only 
against influenza A. Resistance to neuraminidase inhibitors 
was uncommon until recently, but now rates of resistance to 
oseltamivir among H1N1 virus (a subtype of influenza A) have 
risen abruptly and dramatically. 

A-D, F These drugs are not effective against influenza 
viruses. 



learning objective: Describe the adverse effects of acyclovir. 

10. BThe patient was most likely suffering from herpes simplex 
virus (HSV) pneumonia, a disease that affects primarily im- 
munocompromised and elderly people. Acyclovir is a first- 
line agent for HSV infection. More than 90% of acyclovir is 
eliminated unchanged by the kidneys, and nephrotoxic ef- 
fects can occur with parenteral administration as a result of 
crystallization of the drug within the nephron. Acyclovir has 
low solubility in urine. Low urine volume associated with 
volume contraction may contribute to crystalluria, which in 
turn can lead to azotemia, renal tubular obstruction, renal 
failure, and death. Crystalluria is more likely to occur during 
administration of large parenteral doses, as in this case. 
Renal failure is more likely in this patient because of his 
renal insufficiency (see creatinine levels). 

A, C-F Acyclovir has no significant toxicity on the bone 
marrow, liver, or pancreas. 

learning objective: Explain the mechanism of action of aman- 
tadine. 

11. D Amantadine and rimantadine are adamantane derivatives 
approved for both prophylaxis and therapy of influenza A. 
They act by preventing uncoating of the virus once it is fused 
into host cell membranes. These drugs can reduce the sever- 
ity of symptoms and the duration of illness and are mainly 
used in elderly patients or in those with underlying diseases, 
as in the present case The drugs have no effect on influenza 
B and C viruses or parainfluenza viruses. Unfortunately, 
more than 90%of circulating influenza A viruses are now 
resistant to adamantane derivatives. 

A-C, E, F These antiviral drugs are not active against influ- 
enza viruses. 

Learning objective: Outline the use of interferon alfa-2a in viral 
hepatitis B. 

12. D The chronic occurrence of jaundice in a young patient is 
suggestive of hepatitis, and the presence of hepatitis B sur- 
face antigen (HBsAG) in serum is diagnostic for hepatitis B 
virus (HBV) infection. Approximately 5%ofthe world’s pop- 
ulation is infected with HBV. The most prominent risk fac- 
tors associated with the disease are sexual contacts (> 50%) 
and injected drug use (15%). Subclinical infections are com- 
mon, but 25% of carriers develop chronic active hepatitis. 
Worldwide, one million deaths a year are attributed to HBV- 
related diseases, including hepatocellular carcinoma. Drugs 
for the treatment of chronic hepatitis B include interferons, 
adefovir, entecavir, tenofovir, and lamivudine. These drugs 
are only moderately effective in treating the disease. Remis- 
sion may be sustained, but in many patients, viral replica- 
tion reappears following cessation of therapy. Interferons 
are cytokines that possess antiviral, immunomodulating, and 
antiproliferative actions. They induce over two dozen proteins 


in the host cells that contribute to viral resistance through 
different mechanisms, including inhibition of viral penetra- 
tion and uncoating, synthesis of viral DNA and RNA, and viral 
assembly and release. 

A-C, E, F These antiviral drugs are not effective against 
HBV. 

learning objective: Explain the mechanism of action of foscamet. 

13. D Foscarnet is an inorganic pyrophosphate analogue that 
inhibits viral DNA polymerase, RNA polymerase, and HIV 
reverse transcriptase directly without requiring activation 
by phosphorylation. The drug, given only by intravenous 
injection, is effective in the treatment of cytomegalovirus 
(CMV) infections, including retinitis, colitis, and esophagitis. 
It is often given together with ganciclovir because it has 
been shown that the combination is superior to either agent 
alone in delaying the progression of retinitis. Adverse effects 
can be severe, and renal impairment may occur in up to 30% 
of patients. 

A-C, E, FNone of these drugs are effective in CMV retinitis. 

learning objective: Explain why antiviral drugs cannot prevent 

recurrence of viral diseases. 

14. CHerpes viruses replicate in the skin or mucous membranes 
at the initial site of infection, then migrate up the neuron 
and become latent in the sensory ganglion cells. The virus 
can be reactivated from the latent state by a variety of fac- 
tors, including sunlight, hormonal changes, trauma, stress, 
and fever. Upon reactivation, the virus migrates down the 
neuron and replicates in the skin, causing lesions. No cur- 
rently available antiviral drugs can attack viruses during 
latency; they act only on actively replicating viruses. 

A, B, D, E See correct answer explanation. 

Learning objective: Outline the therapeutic uses of lamivudine. 

15. F Lamivudine is the first nucleoside analogue approved by 
the U.S. Food and Drug Administration for use in patients 
with hepatitis B virus (HBV). It inhibits HBV DNA poly- 
merase and HIV reverse transcriptase by competing with 
deoxycytidine triphosphate for incorporation into the viral 
DNA. Lamivudine is an effective agent for patients with 
chronic hepatitis B. It can suppress HBV DNA to undetect- 
able levels in about 40%of patients and can normalize liver 
transaminase in up to 75%of patients. Unfortunately, resis- 
tance is a problem, developing in up to 70%of patients after 
5 years of therapy. 

A-E These antiviral drugs are not effective against HBV. 

learning objective: Explain the mechanism of action ofmaraviroc. 

16. D Maraviroc binds to the host protein CCR5 receptor, one of 
the two chemokine receptors necessary for entrance of HIV 
into CD4+ cells. This blocks the fusion of viral and cellular 




membranes, preventing viral entry. It has been shown that 
about 50% of patients in whom at least two antiviral regi- 
mens had failed were infected with R5 HIV- 1 . Because mar- 
aviroc is active exclusively against HIV strains that use CCR5 
but not against other HIV strains, tropism testing should be 
performed before starting a treatment with this drug, as in 
this case. 

A Ribavirin is not an antiretroviral agent. 

B Enfuvirtide is an entry inhibitor but targets a gp41 sub- 
unit of the viral envelope. 

CDidanosine is a reverse transcriptase inhibitor. 

E,F Indinavir and atazanavir are protease inhibitors. 

Learning objective: Identify the drug that acts by inhibiting re- 
verse transcriptase. 

17. E Lamivudine is a reverse transcriptase inhibitor. Reverse 
transcriptase is an enzyme specific to retroviruses that uses 
viral RNA to make a complementary single-stranded DNA 
copy. The copy is then duplicated to form the double- 
stranded proviral DNA, which migrates into the nucleus and 
becomes integrated with the genetic material of the host 
cell. All reverse transcriptase inhibitors can block the initial 
phase of viral replication. In this way, they can prevent the 
infection of new cells, but they do not affect chronically in- 
fected cells in which the HIV genome is already integrated 
into the host genome. 

A-D These drugs do not affect reverse transcriptase 
activity. 

Learning objective: Explain the most common reason of failure 

of acyclovir therapy. 

18. CAcyclovir resistance is the most common cause of failure of 
acyclovir therapy. Acyclovir-resistant strains of the herpes 
simplex and varicella zoster viruses arise chiefly from muta- 
tions in the thymidine kinase gene that result in little or no 
production of the enzyme. Because viral thymidine kinase is 
essential for conversion of acyclovir to active derivatives, re- 
sistance to the drug ensues. Resistant strains are most com- 
monly reported in severely immunocompromised patients 
receiving an extended course of the drug, as in this case. 

A, B, D, E None of these enzymes are involved in the mech- 
anism of action of acyclovir. 

Learning objective: Outline the prophylactic uses of palivizumab. 

19. E Palivizumab is a humanized monoclonal antibody that 
binds to the A antigen site on the F surface protein of respi- 
ratory syncytial virus (RSV). It is approved for the prevention 
of RSV infection in high-risk infants and children, such as 
those with pulmonary dysplasia, as in this case. 

A-D, F These drugs are not effective against RSV infection. 


Learning objective: Explain the mechanism of action of entecavir. 

20. AEntecavir is a guanosine derivative that inhibits hepatitis B 
virus (HBV) DNA polymerase. The drug is more effective 
than lamivudine against hepatitis B and is highly effective in 
lamivudine-resistant strains. Clinical resistance to entecavir 
is very rare (< l%at 4 years). 

B-F These enzymes are not inhibited by entecavir. 

Learning objective: Explain the mechanism of action of en- 
fuvirtide. 

21. A Enfuvir tide inhibits HIV- 1 entry into the host cell by bind- 
ing to the gp41 subunit of the viral envelope glycoprotein, 
preventing the conformational changes required for the 
fusion of viral and cellular membranes. It has no activity 
against HIV- 2. 

B-F See correct answer explanation. 

Learning objective: Identify the steps of the HlVgrowth cycle spe- 
cifically affected by nucleoside reverse transcriptase inhibitors 

and protease inhibitors. 

22. ELamivudine and stavudine are nucleoside reverse transcrip- 
tase inhibitors (NRTIs). They block the reverse transcription 
of RNA into DNA. Atazanavir is a protease inhibitor that 
blocks the proteolytic cleavage of immature budding par- 
ticles, thus preventing the assembly of structural proteins 
around genomic RNAto form a nucleocapsid. 

A-D At least one of these two steps is not affected by NRTIs 
or protease inhibitors. 

Learning objective: Explain the mechanism of action of acyclovir. 

23. B Drugs for varicella zoster virus (VZV) infection include 
acyclovir, famciclovir, and penciclovir. These drugs are acti- 
vated by phosphorylation, catalyzed by the virus-specific 
thymidine kinase in infected cells. The triphosphate deriva- 
tives are potent inhibitors ofboth viral DNAand mammalian 
DNA polymerase. However, viral DNA polymerase is more 
sensitive to inhibition than the DNApolymerase of the host 
cell. 

A, C-F These enzymes are not inhibited by acyclovir. 

Learning objective: Explain the mechanism of action of oseltamivir. 

24. A Oseltamivir and zanamivir are inhibitors of neuramini- 
dase, an enzyme produced by influenza Aand B viruses. The 
enzyme cleaves sialic acid residues from cell surfaces, pro- 
moting the release of newly formed virus from the surface 
of infected cells. By blocking the enzyme, these drugs inhibit 
virus release from the infected cells. 

B-E See correct answer explanation. 



learning objective: Describe the adverse effects of ganciclovir. 

25. A Ganciclovir is a drug of choice for cytomegalovirus (CMV) 
infections. The dose-limiting toxicity ofboth zidovudine and 
ganciclovir is bone marrow suppression; therefore, anemia 
and neutropenia can be predicted from the concurrent ad- 
ministration of ganciclovir and zidovudine. 

B, C Retinal detachment and cataracts are adverse effects 
of ganciclovir that can occur following intravitreal adminis- 
tration of the drug for CMV retinitis. They do not occur when 
the drug is administered intravenously for systemic anti- 
CMV therapy. 

D Sexual dysfunction is not an adverse effect of the drugs 
the patient has been receiving. 

E Hyperglycemia can occur after prolonged administra- 
tion of protease inhibitors such as atazanavir, but it does not 
occur with ganciclovir. 

F Lactic acidosis has been reported with the use of nucle- 
oside reverse transcriptase inhibitors such as zidovudine and 
didanosine, but it is does not occur with ganciclovir. 

learning objective: Describe the adverse effects common to zal- 

citabine and stavudine. 

26. D Peripheral neuropathy is a dose-limiting adverse effect of 
both zalcitabine and stavudine, which can occur in up to 3 0% 
of patients. It is slowly reversible upon the prompt discon- 
tinuation of the drug. 

ANephrolithiasis is a potential adverse effect of indinavir, 
not of zalcitabine and stavudine. 

B Myelosuppression is a typical adverse effect of zidovu- 
dine. Zalcitabine and stavudine very rarely cause myelo- 
suppression. 

C Zalcitabine and stavudine easily enter the central ner- 
vous system, but hallucinations are not reported. 

E Altered body fat distribution is a typical adverse effect of 
protease inhibitors. Zalcitabine and stavudine do not cause 
this effect. 

Learning objective: Outline the therapeutic uses of trifluridine. 

27. E Herpes simplex keratitis is a common ocular disorder and 
one of the most frequent causes of blindness in the United 
States. The illness is usually treated topically, and trifluridine 
eye drops 8 or 9 times daily are effective in most cases. The 
drug is phosphorylated intracellularly by host cell enzymes 
and then competes with thymidine triphosphate for incor- 
poration by the viral DNA polymerase, thus inhibiting the 
enzyme. Incorporation into both viral and host DNAprevents 
its systemic use. The drug is not effective against herpes zos- 
ter keratitis. Another pharmacotherapy used occasionally for 
herpes simplex keratitis is oral acyclovir, especially for re- 
current infection. 


A Adefovir is used for viral hepatitis. 

B-D Lopinavir, nevirapine, and zidovudine are used for 
HIV infection. 

F Zanamivir is used for influenza. 

learning objective: Outline the highly active antiretroviral therapy 

(HAART) for AIDS. 

28. EHAARTs are prescribed to many HIV-positive patients even 
before they develop symptoms of AIDS. These therapies have 
dramatically altered the natural progression of infection 
and significantly improved the quality of life of many HIV- 
infected patients. HAART usually includes two nucleoside 
reverse transcriptase inhibitors (NRTIs; e.g., zidovudine and 
didanosine), plus a protease inhibitor (e.g., atazanavir) or a 
nonnucleoside reverse transcriptase inhibitor (NNRTI). 

A-D All of these drug combinations include at least one 
drug that is not an antiretroviral agent. 

Learning objective: Outline the antiretroviral therapy to prevent 

mother-to-infant HIV transmission during pregnancy. 

29. D It is known that HIV can be transmitted to the fetus or 
newborn during pregnancy, delivery, or breast feeding. It 
has been shown that certain antiretroviral drugs, when 
given to the mother and to the newborn during the perinatal 
period, can prevent the transmission of HIV. Zidovudine, 
given for 6 weeks before delivery, was used in the past, but 
recently it has been found that nevirapine is more conve- 
nient, as a single dose of the drug is effective when adminis- 
tered to women at the onset of labor and followed by an oral 
dose to the neonate within 3 days after the delivery. 

A A highly effective antiretroviral therapy (HAART) usu- 
ally includes more than one drug. 

B A single dose of an antiretroviral drug cannot prevent 
AIDS. 

C Nevirapine is not an oxytocic drug. Moreover, oxytocic 
drugs are given after the delivery, not at the onset of labor. 

E Prevention of newborn respiratory distress syndrome is 
usually achieved with glucocorticoid antenatal therapy. 

Learning objective: Identify the antiretroviral drug that does not 

need phosphorylation to become active. 

30. A The highly active antiretroviral therapy (HAART) can be 
nonnucleoside based, that is, one nonnucleoside reverse 
transcriptase inhibitor (NNRTI) plus two nucleoside reverse 
transcriptase inhibitor (NRTIs). Efavirenz is an NNRTI. Unlike 
NRTIs, no NNRTIs require phosphorylation to be activated. 

B Foscarnet does not require phosphorylation to be acti- 
vated, but it is not an antiretroviral drug. 

C-F Because these drugs are NRTIs, they required phos- 
phorylation to become active. 



learning objective: Describe the main adverse effects of abacavir. 

31. D The patient was most likely suffering from a hypersensi- 
tivity reaction to abacavir. This is a multiorgan systemic ill- 
ness that occurs in up to 8% of HIV-infected patients who 
initiate therapy with abacavir. Abacavir hypersensitivity re- 
action can cause life-threatening complications if abacavir is 
continued despite progressive symptoms. In addition, among 
persons who have experienced the abacavir hypersensitivity 
reaction, subsequent rechallenge with abacavir following dis- 
continuation can cause an immediate and potentially fatal 
reaction. 

A, E These drugs very rarely cause hypersensitivity 
reactions. 

B, C, F These drugs are not active against HIV. 

Learning objective: Outline the therapeutic uses of acyclovir. 

32. B The mother’s history (several episodes of genital herpes) 
and the patient’s signs (prematurity, respiratory distress, 
and cutaneous vesicles) suggest that the baby was suffering 
from congenital herpes, a disease that affects about 1 in 
3000 live births and is acquired, in most cases, during pas- 
sage through the birth canal. The diagnosis is confirmed by 
the finding of dendritic keratitis, which is pathognomonic 
of herpetic keratoconjunctivitis. Antiherpes drugs include 
acyclovir, several acyclovir congeners, foscarnet, ganciclovir, 
cidofovir, and trifluridine. Acyclovir is still the first-line agent 
for systemic treatment. Foscarnet and cidofovir can be used 
for acyclovir-resistant strains. Trifluridine can be used topi- 
cally to manage keratitis. 

A, C Atazanavir and zidovudine are antiretroviral drugs 
used only in HIV infection. 

D-F These drugs are not antiviral agents. 

Learning objective: Identify the step of viral growth cycle blocked 

by atazanavir. 

33. E During the late stage of the HIV growth cycle, the gene 
products become immature budding particles. The imma- 
ture core (noninfectious) is cleaved into smaller infectious 
particles by viral aspartate protease. Atazanavir is a protease 
inhibitor that blocks the proteolytic cleavage, preventing 
viral maturation. Unlike other protease inhibitors, it does 
not appear to be associated with the impairment of glucose 
and lipid metabolism. 

A-D, F None of these steps are affected by protease 
inhibitors. 


learning objective: Identify the protease inhibitor with the most 

pronounced inhibitory effect on CYP3A4. 

34. D All of the antiretroviral protease inhibitors are substrates 
and inhibitors of CYP3A4, with ritonavir having the most 
pronounced inhibitory effect and saquinavir the least. As a 
result, there is a huge potential for drug-drug interactions 
with other antiretroviral agents and other commonly used 
medications. This potential is also exploited therapeutically 
in the marketed ritonavir-lopinavir combination. Ritonavir 
acts as a pharmacokinetic enhancer by inhibiting lopinavir 
metabolism. 

A-C, E These drugs have no clinically significant inhibitory 
effect on CYP3A4. 

Learning objective: Outline the therapeutic uses of foscarnet. 

35. A Herpetic tracheobronchitis has been documented in both 
immunocompromised and immunocompetent individuals. 
Normal hosts typically are elderly individuals. Early detec- 
tion of herpetic tracheobronchitis appears critical so that 
acyclovir, which is a drug of first choice for herpes simplex 
virus (HSV) infections, can be given during the time of peak 
viral replication, which tends to coincide with symptomatic 
clinical illness. The most common cause of failure of acy- 
clovir therapy is the presence of thymidine kinase-deficient 
strains of HSV. Because acyclovir must be phosphorylated 
by a viral thymidine kinase to become a nucleotide analogue 
that inhibits viral DNApolymerase, these strains are acyclo- 
vir-resistant. In this case, foscarnet, which directly inhibits 
viral DNApolymerase, represents a useful alternative. 

B-D Atazanavir, amantadine, and zidovudine are not ac- 
tive against HSV. 

E Trifluridine is effective against HSV, but it is very toxic 
and therefore is only used topically. 

learning objective: Explain the main reason for a triple therapy in 

HIV infection. 

36. CThe primary goal ofhighly active antiretroviral therapy is 
to delay the emergence of resistance, as mutations confer- 
ring resistance to one drug do not necessarily confer resis- 
tance to other drugs. An additional benefit of the combination 
therapy is to decrease the risk of toxicity associated with 
any one of the agents, as the drugs have different toxicity 
profiles. 

A There are no drugs able to kill nonreplicating viruses. 

B, D This can occur in rare cases but is not the purpose of 
the combination therapy. 

E Antiviral drugs usually have no effect on opportunistic 
infections, which are primarily bacterial infections. 



learning objective: Describe the most serious adverse effect of 
didanosine. 

37. CThe patient’s signs, symptoms, and lab tests indicate that 
she was most likely suffering from acute pancreatitis, the 
most serious adverse effect associated with didanosine ther- 
apy. The effect is dose-dependent and can occur in up to 7% 
of patients on antiretroviral therapy with this drug. 

A, B, D The risk of acute pancreatitis with these drugs is 
negligible. 

E, F These drugs are not antiretroviral agents. 

Learning objective: Outline the therapeutic uses of acyclovir. 

38. EThe patient’s signs and symptoms suggested the presump- 
tive diagnosis of bacterial meningitis, but the lack of efficacy 
of antibiotic therapy and the negative cerebrospinal fluid 
result raised the suspicion of herpes simplex virus (HSV) 
encephalitis, the most common sporadic viral infection of 
the central nervous system. Acyclovir is the first-line agent 
for HSV infection, and the efficacy of therapy confirms that 
the patient was suffering from herpes encephalitis. 

A See correct answer explanation. 

B, C These diseases are rare in patients without HIV and 
cannot be cured with antiviral drugs. 

D Cytomegalovirus (CMV) infection occurs mainly in im- 
munocompromised patients or is congenital, and acyclovir 
is not active against CMV. 

Learning objective: Describe the most likely adverse effect of the 
concurrent administration of abacavir and efavirenz. 

39. A Abacavir and efavirenz can frequently cause skin rashes. 
Abacavir can cause allergic reactions in up to 8%of patients, 


and erythematous skin rash occurs in about one half of 
patients presenting such reactions. Efavirenz can cause skin 
rashes in up to 28%of patients. Because the patient was tak- 
ing both drugs, there is a high probability that an erythema- 
tous skin rash might occur. 

B Efavirenz can cause psychotic symptoms, but the fre- 
quency of such adverse effects is exceedingly low. 

C-EThe risk of these adverse effects is negligible. 

Learning objective: Outline the therapeutic uses of ganciclovir. 

40. CHemorrhagic retinitis in an AIDS patient suggests the diag- 
nosis of cytomegalovirus (CMV) retinitis, which accounts for 
more than 75% of CMV end-organ disease in HIV-positive 
patients. Treatment options for CMV retinitis include ganci- 
clovir, foscarnet, and cidofovir. These drugs are administered 
intravenously or by intraocular injections. Fomivirsen is an- 
other drug used for CMV retinitis and is administered only 
by intraocular injection. 

A, B, D These antiviral drugs are not used for CMV retinitis. 

E, F These drugs are not antiviral agents. 
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Answers and Explanations: VTII-7 Antiprotozoal Drugs 


Questions 1-5 

1. A 

2. F 

3. E 

4. H 

5. M 

learning objective: Explain the mechanism of action of chloroquine. 

6. E Malarial parasites grow in host erythrocytes by ingesting 
hemoglobin, a process that generates free radicals and heme 
as highly reactive by-products. Heme polymerizes into an 
unreactive malarial pigment called hemozoin. Chloroquine 
inhibits plasmodial heme polymerase, the enzyme that po- 
lymerizes heme into hemozoin, and the buildup of free heme 
causes the death of parasites. 

A-D See correct answer explanation. 


Learning objective: Identify the species and stages of Plasmodium 
that can be killed by mefloquine. 

7. E Mefloquine is a blood schizonticide that is moderately ef- 
fective against gametocytes, except those of Plasmodium 
falciparum . It has no effect on primary tissue schizonts or 
hypnozoites. Mefloquine is especially useful as a chemopro- 
phylactic agent for travelers in areas that are chloroquine- 
resistant, as in this case. 

A-D, F See correct answer explanation. 

learning objective: Explain the mechanism of plasmodial resis- 
tance to chloroquine. 

8. CChloroquine acts by being accumulated in the food vacuole, 
where it inhibits heme polymerase. Resistant strains are able 
to efflux the drug by an active pump mechanism and release 




the drug at least 40 times faster than sensitive strains, 
thereby rendering the drug ineffective. Chloroquine resist- 
ance is maintained throughout the whole life cycle and is 
transferred to the progeny. Cross-resistance has been demon- 
strated with other 4-amino quinolines but not to quinine, 
mefloquine, or antifolates. 

A, B, D, E See correct answer explanation. 

Learning objective: Identify the enzyme defect that can cause 
hemolytic anemia in a patient receiving primaquine. 

9. EThe patient’s history and lab tests indicate that he was suf- 
fering from hemolytic anemia. The disorder was most likely 
triggered by primaquine in a person with a genetically in- 
duced glucose-6-phosphate dehydrogenase deficiency (G6PD), 
an X-linked disorder. Over 100 mutant forms of the enzyme 
have been identified, but the most common one is the drug- 
sensitive variety. The enzyme defect occurs in about 10%of 
American Black males. Hemolysis affects the older red blood 
cells (RBCs) after exposure to drugs that produce peroxide 
and causes oxidation of RBC membranes. A vast array of 
drugs can induce hemolysis in people with G6PD deficiency, 
including primaquine and other antimalarial drugs (chloro- 
quine, quinine). The degree of hemolytic anemia varies 
greatly. Jaundice, reticulocytosis, and leukocytosis are com- 
mon, as in this case. 

A-D See correct answer explanation. 

learning objective: Describe the emergency treatment for falci- 
parum malaria. 

10. AThe history and the signs of the patient, together with the 
lab results, indicate that she was most likely affected by fal- 
ciparum malaria. Because infections with Plasmodium falci- 
parum in nonimmune patients can progress rapidly to a fatal 
outcome, therapy should be initiated promptly. Artemisin- 
based combination therapy is currently the standard treat- 
ment for severe falciparum malaria. Artesunate is given for 
3 days, followed by a 7-day oral course of doxycycline or 
clindamycin. Artemisin derivatives are very rapidly acting 
blood schizonticides against all human malaria parasites. 
The mechanism of antimalarial activity of artemisins is still 
uncertain but likely results from the production of toxic free 
radicals. 

B-E See correct answer explanation. 

Learning objective: Identify the drugs used for antimalarial pro- 
phylaxis in people visiting areas with chloroquine-resistant Plas- 
modium falciparum. 

11. C Atovaquone-proguanil combination (Malarone) is a stan- 
dard prophylactic regimen for chloroquine-resistant P. fal- 
ciparum. Resistance to atovaquone alone develops easily in 


P. falciparum , but the addition of proguanil markedly re- 
duces this resistance. 

A, B, D, E In these drug combinations, at least one drug is 
not active against P. falciparum . 

Learning objective: Identify the appropriate antiamebic drug for 
a patient suffering from epilepsy. 

12. D The patient’s symptoms and lab tests indicate that she was 
suffering from amebic dysentery. Because the patient ap- 
parently had no extraintestinal amebiasis (see the negative 
computed tomography scan), a luminal amebicide is appro- 
priate. Paromomycin is a second-line luminal amebicide. In 
this patient, however, metronidazole is relatively contrain- 
dicated because of epilepsy (the drug is relatively contra- 
indicated in patients with any neurologic disorder). 

A See correct answer explanation. 

B Chloroquine is effective only against liver amebiasis. 

C, E, F These drugs are not effective against Entamoeba 
histolytica. 

learning objective: Explain the molecular mechanism of act ion of 
pyrimethamine. 

13. EThe patient most likely received a sulfadiazine-pyrimeth- 
amine combination that represents the standard therapy for 
toxoplasmosis. Pyrimethamine selectively inhibits protozoal 
dihydrofolate reductase, a key enzyme for folate biosynthe- 
sis in the parasite. This in turn leads to failure in DNA syn- 
thesis and nuclear division. 

A-D See correct answer explanation. 

Learning objective: identify the drug active against the late exo- 
erythrocytic stage of Plasmodium vivaxand P. ovale. 

14. APrimaquine is the only agent able to prevent relapse ofin- 
fection due to the late exoerythrocytic stage ofT? vivax and 
P. ovale. It is therefore commonly given to achieve a radical 
cure of vivax or ovale malaria. 

B-F See correct answer explanation. 

learning objective: Explain the mechanism of action of metroni- 
dazole. 

15. D The woman was most likely suffering from trichomonia- 
sis, a protozoal infection of the vagina that may be asymp- 
tomatic or may cause inflammatory disorders in the genital 
tract. Metronidazole is a first-line agent for trichomoniasis. 
Its mechanism of action most likely involves damage of pro- 
tozoal DNA through the formation of a highly reactive nitro 
radical anion. Therapy must include sex partners in order to 
avoid reinfection. 

A-C, E These antibiotics are not effective against Tricho- 
m on as vaginalis. 



learning objective: Outline the pharmacotherapy in the case of 
leishmaniasis. 

16. B The patient’s history, signs, and lab tests indicate that she 
was most likely suffering from cutaneous leishmaniasis. 
Leishmania tropica is the causative agent in southern Eu- 
rope. Drugs of choice for leishmaniasis include antimony 
compounds (e.g., sodium stibogluconate), pentamidine, 
amphotericin B, and certain azoles (itraconazole). Sodium 
stibogluconate is the classic therapy for all species of Leish- 
mania. Resistance to the drug has led to failure of this ther- 
apy in India but not in other parts of the world. 

A, C-F These drugs are not effective against leishmaniasis. 

learning objective: Outline the pharmacotherapy of extraintestinal 
amebiasis. 

17. A The patient’s symptoms and lab tests indicate that he was 
most likely suffering from an amebic abscess presumably lo- 
cated on the gut wall (ameboma). For extraintestinal amebi- 
asis, metronidazole is the drug ofchoice. Aluminal amebicide 
such as iodoquinol or paromomycin must be given concom- 
itantly to eradicate the infection. 

B-F In these drug combinations, at least one of the drugs 
is not active against Entamoeba histolytica. 

Learning objective: Outline the pharmacotherapy of congenital 
toxoplasmosis. 

18. B Toxoplasma gondii is a small intracellular protozoan that 
can infect people worldwide. Asymptomatic infections are 
common in immunocompetent individuals, but the disease 
can be life-threatening in newborns. A combination of sul- 
fadiazine and pyrimethamine represents the treatment of 
choice for toxoplasma infection. The treatment must be con- 
tinued for 1 year. Treatment of infants without substantial 
neurologic disease at birth using pyrimethamine and sul- 
fadiazine has resulted in normal cognitive, neurologic, and 
auditory outcomes for all patients. Treatment of infants who 
had moderate or severe neurologic disease at birth has re- 
sulted in normal neurologic and/or cognitive outcomes for 
more than 72%of patients. The best alternative therapy for 
patients intolerant to sulfonamides is clindamycin and pyri- 
methamine. Alternative therapies are trimethoprim-sulfa- 
methoxazole, azithromycin, and doxycycline. 

A, C-E These drug combinations are not effective against 
T. gondii. 

Learning objective: Identify the appropriate pharmacotherapy for 
an alcoholic person suffering from giardiasis. 

19. AThe patient’s symptoms and lab test results (heart-shaped 
trophozoites with four pairs of flagella) indicate that she was 


suffering from giardiasis. Metronidazole would be the drug of 
choice for this disease but is contraindicated in this patient 
because she is an alcoholic. Concurrent alcohol consumption 
with metronidazole causes a disulfiram-like effect that can 
be dangerous (psychotic reactions have been reported in 
alcoholics receiving metronidazole). Paromomycin is active 
against Giardia lamblia and can be a useful option when 
metronidazole is contraindicated, as in this case. 

B See correct answer explanation. 

C-F These drugs are not effective against giardiasis. 

Learning objective: Describe the prophylactic use of mefloquine 
in people visiting areas with chloroquine-resistant Plasmodium 
falciparum. 

20. D Resistance to chloroquine is now very common in many 
areas of Africa. Mefloquine has strong schizonticidal activity 
and is effective against many chloroquine-resistant strains 
ofR falciparum and other malaria species. Other regimens 
for malaria chemoprophylaxis in regions with multidrug- 
resistant strains of P. falciparum are doxycycline and atova- 
quone-proguanil (Malarone). 

A Primaquine is the only antimalarial drug active against 
the hypnozoite stages of P. vivax and P. ovale. Because of this, 
some experts advocate the use of the drug after travel to an 
endemic area to markedly diminish the risk of relapse. 

B Metronidazole is not active against plasmodia. 

C, E Chemoprophylaxis with these drugs is not recom- 
mended because of frequent resistance. 

F Although most chloroquine-resistant strains of P. falci- 
parum are sensitive to quinine, the drug is not used for pro- 
phylaxis because of its toxicity. 

Learning objective: Describe the adverse effects of chloroquine. 

21. B The patient was most likely treated with chloroquine, a 
quinoline derivative that is a first-line agent for Plasmodium 
vivax and P. ovale infections. All quinolines can prolong the 
QT interval on an electrocardiogram, increasing the risk of 
torsades de pointes. The arrhythmia is rare, but its occur- 
rence may be increased in patients already at risk because 
of a concomitant disease, as in this case (see the patient’s 
anorexia). 

A Quinine can cause torsades de pointes but is not used to 
treat P. vivax infection because chloroquine is more effective 
and less toxic. 

E, F These antimalarial drugs have a negligible risk of tor- 
sades de pointes. 

C, D These drugs are not effective against malaria. 



learning objective: Describe the adverse effect of metronidazole 

22. D The patient’s history and symptoms indicate that she was 
most likely suffering from oral candidiasis due to metronida- 
zole, a first-line agent for amebiasis. The drug can cause a 
disruption of the normal biologic flora, favoring the appear- 
ance of opportunistic infections. 

A, B These antiamebic drugs have a very low risk of 
candidiasis. 

C, E, F These drugs are not effective against Entamoeba 
species. 


ANTIPROTOZOAL DRUGS 

Answer key 

1. A 

6. 

E 

11. 

C 

16. 

B 

2. F 

7. 

E 

12. 

D 

17. 

A 

3. E 

8. 

C 

13. 

E 

18. 

B 

4. H 

9. 

E 

14. 

A 

19. 

A 

5. M 

10. 

A 

15. 

D 

20. 

D 






21. 

B 






22. 

D 


Answers and Explanations: VTII-8 Anthelmintic Drugs 


Questions 1-5 

1. A 

2. E 

3. D 

4. C 

5. E 

foaming objective: Explain the anthelmintic mechanism of action 

of ivermectin. 

6. D Strongyloidiasis is endemic throughout the tropics and sub- 
tropics, including rural areas of the southern United States. 
Ivermectin induces paralysis of worm musculature by acti- 
vating a family of glutamate-gated Cl“ channels that are found 
only in invertebrates. This causes a slow and irreversible 
opening of the channels, leading to a long-lasting hyperpolar- 
ization of neurons or muscle cells. Ivermectin also activates 
(directly or indirectly) gamma-aminobutyric acid (GABA)- 
gated CT channels, which leads to the same hyperpolarizing 
action. The ultimate effect is the paralysis of the worm. The 
drug, given for 1 or 2 days, is highly active against Strongyloi- 
des stercoralis. The drug does not cross the blood-brain bar- 
rier, so it cannot affect GABAneurotransmission in the human 
central nervous system. 

A-C, E See correct answer explanation. 

Learning objective: Outline the appropriate pharmacotherapy for 

mixed nematode infections. 

7. E Combined infections with two or even three different nem- 
atode species are not exceptional in people with inadequate 
personal hygiene living in a poor sanitation area, as in this 
case. Mebendazole is a drug of choice for roundworm and 
whipworm infection and is an alternative drug for thread- 
worm infection. It is therefore the most appropriate drug in 
this case. 


A Metronidazole is effective against Dracunculus medinen- 
sis only. 

B Diethylcarbamazine is effective against fllariasis only. 

C Ivermectin is very effective against Strongyloides stercora- 
lis but is far less effective than mebendazole against Ascaris 
lumbricoides and Trichuris trichiura. 

D Praziquantel is used to kill trematodes and cestodes. 

Learning objective: Identify the drug used in case of Wuchereria 

bancrofti infection. 

8. E Wuchereria bancrofti infection affects 120 million people 
worldwide each year. More than 26 million cases ofthis infec- 
tion are hydrocele. India bears the greatest burden ofthis dis- 
ease, with more than 550 million people at risk. Infection 
often leads to microfilaremia without overt clinical manifes- 
tations. However, acute inflammatory fllariasis can occur with 
fever and inflammation of lymph nodes, as in this case. Geni- 
tals and lower extremities are most commonly affected. Di- 
ethylcarbamazine is the first-line agent for fllariasis infection. 
It kills both microfilariae and adult worms, but adults are killed 
more slowly, often requiring repeated courses of treatment. 

A-D These drugs are not active against W. bancrofti. 

Learning objective: Identify the drug used to treat enterobiasis. 

9. EThe patient’s signs and lab exam indicate that he was most 
likely suffering from enterobiasis, which is the most common 
helminthic infection in the United States, with an estimated 
annual incidence of 42 million. Mebendazole is a first-line 
agent against pinworm infection, and a single dose, repeated 
after 2 weeks, usually eradicates the infection. The drug has 
an oral bioavailability of less than 10% so it is nearly free of 
adverse effects. 

A-D, F These drugs are not active against Enterobius 
verm icu laris. 




learning objective: Outline the appropriate therapy for schisto- 
somiasis. 

10. A The patient’s history and lab exam (eggs with a lateral 
spine) suggest that Schistosoma mansoni was the most likely 
offending pathogen. This worm is the only schistosoma spe- 
cies present in the Western Hemisphere (Brazil, Venezuela, 
and some Caribbean islands). Humans are infected from 
cercariae present in fresh water. Acute schistosomiasis may 
occur 2 to 4 weeks after exposure and presents most of the 
signs and symptoms showed by the patient. Praziquantel is 
the first-line agent for treatment of most trematode infec- 
tions, including schistosomiasis. 

B-F Th ese helminths are incorrectly matched with the 
effective drug. 

learning objective: Explain the anthelmintic mechanism of action 
of praziquantel. 

11. D Diphyllobothrium latum is a tapeworm found mainly in 
the northern temperate regions where freshwater fish are a 
major portion of the diet. Many freshwater fish species con- 
stitute the intermediate host of the parasite. Praziquantel is 
a drug of choice for diphyllobothriasis. It is thought to act by 
enhancing calcium influx, thus increasing worm muscular 
activity followed by contraction and spastic paralysis. 

A-C, E See correct answer explanation. 

learning objective: Explain the anthelmintic mechanism of action 
of mebendazole. 

12. F Trichuris trichiura (whipworm) is a parasite with cosmo- 
politan distribution, although it is more common in warm, 
moist regions. The infection is usually asymptomatic, but 
heavy infection can cause abdominal pain, anorexia, and 
diarrhea and may retard growth. Mebendazole, albendazole, 
and thiabendazole are benzimidazole derivatives mainly 
active against nematodes. These drugs produce many bio- 
chemical changes in worm cells, but the main action seems 
to be inhibition of microtubule polymerization by binding 
to (3-tubulin. The microtubular system ofthe host cells is un- 
affected. The inhibition of tubulin polymerization disrupts 
nematode motility and DNA replication, leading to immobi- 
lization and the death ofthe worm. 

A-E See correct answer explanation. 

Learning objective: Identify the drug to be used in case of 
onchocerciasis. 

13. CThe patient’s ocular signs and the skin biopsy indicate that 
she was suffering from a filarial infection, most likely due to 
Onchocerca volvulus. The infection causes a chronic skin dis- 
ease and eye lesions that may lead to blindness (onchocerci- 
asis is also called river blindness). Ivermectin is the drug of 
choice for onchocerciasis given as a single oral dose once or 
twice a year. 


A, B Diethylcarbamazine and praziquantel are not active 
against onchocerciasis. 

D, E Fluconazole and metronidazole are not anthelmintics. 

learning objective: Identify the drug used to treat paragonimiasis. 

14. E The patient’s history and lab exam indicate that she was 
most likely suffering from an infection by Paragonimus wes- 
termani (oriental lung fluke), a disease caused by ingestion 
of raw or poorly cooked crustaceans infected with encysted 
cercariae. The infection is endemic in Japan, Korea, China, 
and Taiwan, where people eat undercooked freshwater crabs 
or crayfish. The eggs ofthe helminth are large (80-100 mil- 
limicrons) and operculated. The infection affects the lung, as 
in this case. Praziquantel is effective for most trematode and 
cestode infections, and a 2-day course provides 90 to 100% 
cure rates for pulmonary paragonimiasis. 

A-D These anthelmintics are not active against trematode 
infections. 

Learning objective: Identify the drug used to treat ascariasis. 

15. B The patient’s signs indicate that she was most likely suf- 
fering from an infection with Ascaris lumbricoides, one of 
the most common and cosmopolitan helminthic diseases. 
Benzimidazoles such as mebendazole and albendazole are 
first-line agents for this disease. Mebendazole, given for 3 
consecutive days, achieves a cure rate of 90 to 100% for 
ascariasis. 

A, C-F See correct answer explanation. 

foaming objective: Describe the adverse effects of ivermectin. 

16. A The patient’s history, signs, and symptoms suggest he was 
most likely suffering from a Mazzotti-like reaction, a syn- 
drome due to killing of microfilariae by ivermectin. The drug 
does not kill adult worms but affects developing larvae and 
kills microfilariae in the worm uterus, markedly decreasing 
microfilarial counts in the skin and other tissues. The reac- 
tion is usually mild and lasts just a few days. Rarely, a more 
severe reaction can occur, as in this case. Antihistamines and 
nonsteroidal antiinflammatory drugs usually can control the 
syndrome. Glucocorticoids are indicated for the most severe 
cases. 

B, C Praziquantel and mebendazole are not active against 
onchocerciasis. 

D-F Ketoconazole, amphotericin B, and mefloquine are not 
anthelm intics. 

Learning objective: Identify the drug used to treat cystic hydatid 

disease. 

17. E The patient’s exams indicate that he was most likely suf- 
fering from cystic hydatid disease due to Echinococcus gran- 
ulosus. This type of infection occurs in sheep-raising areas 
of many parts of the world. Albendazole is the treatment of 




choice for medical therapy of the disease. It provides only a 
modest cure rate when used alone, but it is a useful adjunct 
treatment in the preoperative period to reduce the risk of 
disseminated infection resulting from spillage of the cyst 
contents at the time of surgery or during aspiration. 

C, D The anthelmintic drugs ivermectin and diethylcar- 
bamazine are not active against echinococcosis. 

A, B, F Metronidazole and chloroquine are not anthel- 
mintics. 

Learning objective: Identify the drug used to treat taeniasis. 

18. CThe history and signs of the patient, together with the lab 
results, indicate that he was suffering from taeniasis most 
likely due to Taenia saginata (unlike Taenia solium, T. sagi- 
nata proglottids can emerge by means of their own motility 
through the anus and deposit the eggs in the perianal re- 
gion). Praziquantel is currently a drug of choice for most ces- 
tode and trematode infections. A single dose results in nearly 
100% cure rates for T. solium, T. saginata, and Diphylloboth- 
rium latum . 

A, B The anthelmintics ivermectin and artemisin are not 
active against cestodes. 

D-F Metronidazole, amphotericin B, and fluconazole are 
not anthelmintics. 

Learning objective: Outline the appropriate therapy for ancylo- 
stomiasis. 

19. E The patient’s signs and lab results indicate that he was 
suffering from a chronic helminthic infection (see the thin- 
shelled oval eggs) due to a worm able to cause iron defi- 
ciency anemia. Hook worms such as Necator americanus 
attach to the intestinal villi and suck blood. They periodi- 
cally move from one place ofthe intestinal wall to another to 
suck blood from different villi. Because they locally inject 
anticoagulant compounds, the arteriole bleeds for a while, 
so occult blood is found in the stools. Mebendazole is the 
drug of choice for ancylostomiasis. A cure rate of more than 
99%has been reported after a course of two tablets daily for 
3 days. 

A-D, F Infection with these helminths rarely causes ane- 
mia, and they are incorrectly matched with the effective drug. 

Learning objective: Outline the therapeutic uses of pyrantel 

pamoate. 

20. A When a drug therapy is not effective, an alternative treat- 
ment is appropriate. Pyrantel pamoate is a broad-spectrum 
anthelmintic that is highly effective for the treatment of en- 
terobiasis and ascariasis. Pyrantel actions are neither ver- 
micidal nor ovicidal. The drug inhibits cholinesterase and 
activates nicotinic acetylcholine receptors, thus acting as a 


depolarizing neuromuscular blocking agent in helminths. 
These actions cause extensive depolarization ofthe helminth 
muscle membrane, producing tension of the helminth’s mus- 
cles that causes paralysis ofthe worms. Then normal peristal- 
sis causes expulsion ofthe parasites from the gastrointestinal 
tract. 

B, C The anthelmintics praziquantel and diethylcarba- 
mazine are not active against Enterobius vermicularis. 

D, E Metronidazole and fluconazole are not anthelmintics. 

Learning objective: Describe the adverse effects of mebendazole. 

21. A The patient’s symptoms and laboratory values indicate 
that she was most likely suffering from an acute hepato- 
cellular injury. The injury arose concurrently with signs and 
symptoms of hypersensitivity (rash and fever) within days 
of starting a second course of mebendazole. This pattern is 
typical of a drug-induced allergic reaction, immunoallergic 
hepatitis in this case. The disease usually resolves rapidly 
when the offending drug is withdrawn. The granulomas 
found on liver biopsy reflect the generalized hypersensitiv- 
ity, and similar granulomas are likely to be found in other 
organs. Intestinal absorption of mebendazole is quite low 
(oral bioavailability is less than 10%), and dose-related ad- 
verse effects are rare. Although allergic reactions to meben- 
dazole are also rare, they can occur, as in this case. 

B, C Most drugs can cause allergic reactions, but the an- 
thelmintic drugs praziquantel and diethylcarbamazine are 
not used to treat ascariasis. 

D, E Metronidazole and fluconazole are not anthelmintics. 

Learning objective: Describe the adverse effects of praziquantel. 

22. D The patient’s symptoms indicate that he was most likely 
suffering from adverse effects of praziquantel. This drug is 
the first-line agent for most trematode and cestode infec- 
tions. Although serious adverse effects of the drug are rare, 
minor adverse effects are common and usually subside in 1 
or 2 days. 

A-C The anthelmintic drugs diethylcarbamazine, iver- 
mectin, and pyrantel pamoate are not used against cestode 
infections. 

E, F Metronidazole and miconazole are not anthelmintics. 
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Answers and Explanations: Vffl-9 Antineoplastic Drugs 


Questions 1-4 

1 B 

2. E 

3. D 

4. F 

Learning objective: Outline the anticancer use of trastuzumab. 

5. C Trastuzumab is a monoclonal antibody against a surface 
protein called human epidermal growth factor receptor 2 
(HER-2), which may be overexpressed in primary breast car- 
cinoma. The drug binds with high affinity to this receptor, 
thus preventing the binding of HER to the same receptor. In 
this way, tumor growth is inhibited. Trastuzumab is used in 
HER-2 positive, metastasized breast cancer, alone or in com- 
bination with paclitaxel. 

A, B, D-F These drugs are not used in breast cancer 
chemotherapy. 

Learning objective: Explain the concept of rescue therapy in anti- 
cancer drug treatment. 

6. E Rescue therapy is a strategy aimed at alleviating some ad- 
verse effects of anticancer chemotherapy by the use of drugs 
that can “rescue” the normal cells exposed to the anticancer 
drug. Leucovorin (formyl tetrahydrofolate, also called folinic 
acid) is accumulated more readily by normal cells than by 
neoplastic cells. The administration of this drug results in res- 
cue of the normal cells, as the drug bypasses the two steps in 
the purine synthesis that are blocked by methotrexate (i.e., 
folate to dihydrofolate and dihydrofolate to tetrahydrofolate). 

A Log kill is a rule that states that a given dose of an anti- 
cancer drug kills a constant proportion of the tumor cell 
population. 

B Recruitment refers to a strategy that involves initial use 
of cell cycle nonspecific (CCNS) anticancer drugs to achieve a 
significant cell kill. This kill “enrolls” previously resting cells 
in the G 0 phase of the cell cycle. At this stage, cell cycle specific 
(CCS) anticancer drugs are given. Because these drugs are ac- 
tive against dividing cells, maximal cell kill may be achieved. 

CPulsing is a strategy that involves cycles of treatment with 
very high doses ofan anticancer drug. Between cycles, normal 
cells can recover from the cytotoxic effects of the drug. 

D Combination therapy is the rule in anticancer treatment 
and is usually done with drugs having different mechanisms 
of action and (when possible) different toxic effects. 


learning objective: Explain why carmustine and other nitrosoureas 
are used to treat brain tumors. 

7. B Carmustine belongs to the nitrosoureas group of drugs. 
These alkylating agents have a high lipophilicity that facili- 
tates their entry into the brain. In fact, their concentration in 
the cerebrospinal fluid is 15 to 70%ofthe concurrent plasma 
values. Because of this, nitrosoureas are the main chemother- 
apeutic agents used in the treatment ofbrain tumors. 

A Nitrosoureas are alkylating agents that actually can kill 
both neoplastic and nonneoplastic cells. 

C Carmustine actually can cause encephalopathy when 
given in high doses. 

D The amine pump is specific for monoamines. Nitro- 
soureas are not monoamines. 

E The half-life of carmustine is actually short, about 15 to 
30 minutes. 

Learning objective: Explain the mechanism of anticancer action 
of doxorubicin. 

8. A Doxorubicin is an anthracycline antibiotic, thus the A in 
the ABVD acronym; alternatively, the A may be considered to 
stand for Adriamycin, a brand name for doxorubicin. These 
anticancer drugs likely act with multiple mechanisms, includ- 
ing intercalation between adjacent base pairs of DNA, thus 
causing blockade of DNAreplication; blockade oftopoisomer- 
ase II, the enzyme that catalyzes DNA repair (it breaks and 
then reseals DNA strands); and generation of free radicals that 
can oxidize DNAbases. The end result of these multiple mech- 
anisms is cell apoptosis. 

B This is the mechanism of action of taxanes. 

C This is the mechanism of action of vinca alkaloids. 

D This is the mechanism of action of alkylating drugs. 

E This is the mechanism of action of methotrexate. 

Learning objective: Describe the adverse effects of doxorubicin. 

9. B In the CHOP acronym, Cstands for cyclophosphamide; H for 
hydroxydaunorubicin, which is another name for doxorubi- 
cin; O is for Oncovin, which is a brand name for vincristine; 
and Pis for prednisone or prednisolone. The CHOP regimen 
has been considered the best treatment for the initial therapy 
of patients with diffuse non-Hodgkin lymphoma. Recently, it 
has been shown that the combination of CHOP with ritux- 
imab can improve response rates, disease-free survivals, and 
overall survivals compared with CHOP chemotherapy alone. 



The signs and symptoms of the patient suggest the diag- 
nosis of cardiac failure. Anthracyclines (doxorubicin, dauno- 
rubicin, idarubicin, etc.) are the anticancer drugs that have 
the highest risk of cardiac toxicity. They can cause a dose- 
dependent dilated cardiomyopathy associated with a poten- 
tially fatal cardiac failure. This toxicity appears to result from 
increased production of free radicals within the myocardium. 

A, C-E These drugs have a low (cyclophosphamide) or 
negligible risk of cardiac toxicity. Other anticancer drugs 
that can cause cardiac toxicity are fluorouracil, paclitaxel, 
and trastuzumab. 

learning objective: Outline the chemotherapy for remission- 

induction of acute lymphoblastic leukemia. 

10. CThe patient’s bone marrow biopsy confirmed the diagnosis 
of acute lymphoblastic leukemia. A combination of vincris- 
tine and prednisone (plus asparaginase) is a current therapy 
of choice to induce remission, as none of these agents is my- 
elosuppressive to normal bone marrow elements. Over 90% 
of children enter complete remission with this treatment. 

A This combination is currently used for lung and testicu- 
lar cancers. 

B This combination is currently used for prostate cancer. 

D These drugs are used to treat breast cancer. 

E This combination is currently used for head and neck 
cancers. 

Learning objective: Explain the mechanism of cancer resistance 

to fluorouracil. 

11. A Fluorouracil is a prodrug that is converted within cells 
to fluoro-deoxyuridine-monophosphate, which inhibits thy- 
midylate synthase, thus causing a “thymineless death” of 
cells. Adecreased ability of cancer cells to phosphorylate py- 
rimidines prevents the activation of the prodrug, thus caus- 
ing drug resistance. 

B-E All these mechanisms would decrease, not increase, 
the resistance to fluorouracil. 

Learning objective: Outline the therapeutic uses of cisplatin. 

12. D Testicular cancer is the most common malignancy in men 
between ages 15 and 35 years. The x-ray and computed to- 
mography results indicate metastatic testicular cancer, and 
the patient should receive systemic chemotherapy. The com- 
bination of cisplatin, etoposide and bleomycin commonly 
controls the tumor long term and is widely used today. 

ACarmustine is mainly used for brain tumors. 

B, C, E Methotrexate, cytarabine, and mercaptopurine are 
mainly used for hematologic malignancies. 

Learning objective: Describe the adverse effects of vincristine. 

13. A The patient’s paresthesias and loss of reflexes are signs 
of vincristine peripheral neuropathy, which often appears 


within the first few weeks oftherapy. Areflexia is common in 
patients treated with high cumulative doses. Vinca alkaloids 
have certain toxicities in common (i.e., nausea and vomiting, 
diarrhea, alopecia), but other adverse effects differ. Vincristine 
causes a dose-limiting neurotoxicity but is a mild myelosup- 
pressant, whereas vinblastine causes negligible neurotoxicity 
but gives rise to a severe, dose-limiting myelosuppression. 

B-E The risk of peripheral neuropathy with these drugs is 
negligible. 

Learning objective: Describe the local adverse effects ofmechlore- 

thamine given intravenously. 

14. D The MOPP acronym is derived from : M for mustargen, also 
known as mechlorethamine; O for Oncovin, a brand name 
for vincristine; P for procarbazine; and P for prednisone. 
Mechlorethamine is an alkylating agent. All alkylating agents 
are strongly cytotoxic and can damage tissues at the site of 
injection. This is because they can form covalent bonds with 
many cell constituents, leading to cell death. 

A-C Prednisone, vincristine, and procarbazine are devoid 
of vesicant properties. 

learning objective: Explain the mechanism of action of cytarabine. 

15. B The standard treatment for acute myelogenous leukemia 
includes remission therapy with an anthracycline and cytar- 
abine. Cytarabine is activated to a compound that is incorpo- 
rated at the terminal position of a growing DNA chain, thus 
impairing elongation of DNA strands. 

AThis is the mechanism of action of etoposide 

C This is the mechanism of action of pentostatin 

D This is the mechanism of action of vinca alkaloids 

E This is the mechanism of action of taxanes 

Learning objective: Explain the mechanism of action of dac- 

tinomycin. 

16. D Dactinomycin is a cytotoxic anthracycline antibiotic. The 
main mechanism of anticancer action of these drugs in- 
volves binding to double-helical DNA, thus preventing DNA 
transcription. The action is similar to that of alkylating drugs, 
but anthracyclines bind double-helical DNA by intercalation 
not by alkylation. Dactinomycin is used mainly in Wilms 
tumor, a kidney tumor that is the most common intra- 
abdominal tumor of childhood and accounts for about 6%of 
all childhood malignancies. 

AThis is the mechanism of action of alkylating drugs. 

B This is the mechanism of action of methotrexate. 

C This is the mechanism of action of pyrimidine analogues. 

E The formation, not the inhibition, of free radicals is one 
of the postulated mechanisms of action of some anticancer 
drugs, including doxorubicin and bleomycin. 

F This is the mechanism of action of imatinib. 



learning objective: Explain the mechanism of action of cyclo- 
phosphamide. 

17. A Cyclophosphamide is an alkylating agent. These drugs act 
by intramolecular cyclization to form either an ethylenei- 
monium or a carbonium ion which are strongly electrophilic 
(i.e., electron attracting). These intermediates can alkylate, 
that is they can transfer alkyl groups to various cellular con- 
stituents by formation of covalent bonds with nucleophile 
(i.e., electron donor) groups ofthese constituents. Alkylation 
of guanine of a single strand of the DNA molecule results 
in miscoding or in depurination by excision of guanine resi- 
dues. Alkylation of guanines in both strands of the DNAmol- 
ecule results in cross-linking^ which appears to be of major 
importance to the cytotoxic action of alkylating agents. 

B This is the mechanisms of action of cytarabine. 

C This is the mechanisms of action of fluorouracil. 

D This is the mechanisms of action of topoisomerase 
inhibitors. 

E This is the mechanisms of action of vinca alkaloids. 

foaming objective: Explain the mechanism of action of paclitaxel. 

18. C Although adenocarcinoma of the lung is less sensitive than 
small cell lung cancer to chemotherapy, combination ther- 
apy can improve survival. A widely used first-line regimen 
includes a platinum compound (e.g., cisplatin), and a taxane 
(e.g., paclitaxel). Taxanes bind to tubulin and inhibits tubulin 
depolymerization, thus preventing microtubule disassembly. 

A, B, D-F These drugs are not used for lung cancer and they 
do not bind to tubulin. 

foaming objective: Explain the mechanism of action of etoposide. 

19. C Small cell lung carcinoma is one of the four main types 
of lung cancer and accounts for 15 to 20% of primary lung 
tumors. Because small cell lung carcinoma disseminates 
early in the disease, surgery is almost never indicated. Most 
chemotherapeutic regimens include high-dose cisplatin with 
etoposide. Etoposide inhibits topoisomerase II, one of the 
enzymes that reseals double-stranded DNA breaks. As a 
result, DNA breaks accumulate and lead to cell death. It is 
worth noting that quinolones are also able to inhibit to- 
poisomerase II. However, quinolones inhibit only the bacte- 
rial cell enzyme and are therefore harmless to eukaryotic 
cells, whereas etoposide inhibits only eukaryotic cell en- 
zymes and are therefore devoid of antibacterial activity. 

AThis is the mechanism of action of methotrexate. 

B This is the mechanism of action of fluorouracil. 

D This is the mechanism of action of alkylating drugs. 

E This is the mechanism of action of taxanes. 


foaming objective: Describe the adverse effects of bleomycin. 

20. EThe patient was at risk for several processes that could pro- 
duce his symptoms, but the exam results ruled out bacterial 
infections and the progression of lymphoma. Therefore, pul- 
monary toxicity resulting from one or more of the drugs he 
received is the most likely hypothesis. Among the anticancer 
drugs, bleomycin most commonly causes pulmonary toxic- 
ity, mainly interstitial pneumonitis followed by pulmonary 
fibro sis. The mortality associated with bleomycin pulmo- 
nary toxicity is very high (about 50%). 

A Cyclophosphamide may cause pulmonary toxicity, but 
the risk is much lower than that of bleomycin. 

B-D The risk of pulmonary toxicity with these drugs is 
very low. 

foaming objective: Describe the adverse effects of cisplatin. 

21. D The patient’s lab results suggest the diagnosis of renal fail- 
ure. Cisplatin is the anticancer drug with the highest risk of 
nephrotoxicity, and hypomagnesemia is the most common 
electrolyte abnormality caused by cisplatin. However, the 
routine use of hydration and diuresis has largely reduced 
cisplatin-induced nephrotoxicity. 

A-C, E These drugs very rarely cause nephrotoxicity. 

foaming objective: Explain the mechanism of action of mer- 

captopurine. 

22. F Maintenance therapy of acute lymphoblastic leukemia is 
usually performed for 2 Vi to 3 years after remission, since 
early trials have shown that without maintenance, most chil- 
dren will relapse within 1 or 2 months. Impressive improve- 
ments in disease-free survival and cure rates are achieved 
with various maintenance regimens. Methotrexate and 
mercaptopurine are the drugs most often included in these 
regimens. Mercaptopurine is an antimetabolite anticancer 
drugs that is inactive in its parent form and must be metab- 
olized by the enzyme hypoxanthine-guanine phosphoribosyl 
transferase into the monophosphate nucleotide 6-thioinos- 
inic acid, which in turn inhibits several enzymes of de novo 
purine nucleotide biosynthesis. The monophosphate form 
is eventually transformed into the triphosphate form which 
can get incorporated into both DNA and RNA, blocking DNA 
and RNA synthesis. 

A-E See correct answer explanation. 

foaming objective: Identify the drug to be used to treat colon 

cancer. 

23. EBecause of significant relapse rate in patients with extensive 
colon cancer, adjuvant therapy is usually performed in those 
patients who underwent potentially curative surgery. It has 
been shown that this therapy improves disease-free survival. 
The currently used adjuvant chemotherapy regimens contain 



fluorouracil and leucovorin. Other drugs that can be used in 
combinations include oxaliplatin and capecitabine. 

A-D These drugs are all cell cycle specific and are mainly 
used in tumors with a high growth fraction. Currently, they 
are not used to treat colon cancer, a tumor with low growth 
fraction. 

learning objective: Describe the effect of anticancer chemother- 
apy on blood cells. 

24. D The decrease ofperipheral blood cells after cancer chemo- 
therapy depends upon the life span of that cell line. The life 
span of granulocytes, once released from the bone marrow, 
is 4 to 5 hours in the blood and another 4 or 5 days in the 
tissues. Platelets survive about 10 days. Therefore myelo- 
suppression first results in granulocytopenia followed by 
thrombocytopenia 

A Lymphocytes continually circulate throughout the body 
and have life spans of weeks, months or even years. 

B See correct answer explanation. 

C Monocytes, once in the tissues, become macrophages 
and can live for months or even years. 

E Erythrocytes have a life span of about 120 days 

Learning objective: Identify the pairs of drugs most frequently 
used to treat diffuse ovarian cancer. 

25. E Ovarian cancer is the fifth most common cause of cancer 
and cancer death in women. Because the cancer is relatively 
asymptomatic, it usually has extended beyond the pelvis at 
the time of diagnosis. Chemotherapy is therefore indicated 
after surgery. Cisplatin or carboplatin plus paclitaxel are 
first-line regimens most commonly used in ovarian cancer. 

A-D These drugs are not used to treat ovarian cancer. 

Learning objective: Identify the drug to be used as a methotrexate 
antidote. 

26. E Leucovorin can be given to counteract the adverse effects 
that methotrexate has on normal cells. Leucovorin (formyl 
tetrahydrofolate, also called folinic acid) is accumulated 
more readily by normal cells than by neoplastic cells. The 
administration of this drug results in rescue of the normal 
cells, because the drug bypasses the step in the purine syn- 
thesis that is blocked by methotrexate (i.e., dihydrofolate to 
tetrahydrofolate). 

A-D See correct answer explanation. 

Learning objective: Identify the drug to be used to treat acute 
myelogenous leukemia. 

27. D The blood exam and the bone marrow biopsy are consis- 
tent with the diagnosis of acute myelogenous leukemia. This 
leukemia primarily affects adults (the incidence increases 
with age) and is characterized by the neoplastic prolifera- 
tion of myeloblasts. The single most active agent for acute 


myeloid leukemia is cytarabine. For remission therapy, cy- 
tarabine is currently used together with an anthracycline. 

A-C, E These drugs are not currently used for remission 
therapy of acute myelogenous leukemia. 

learning objective: Explain the meaning of the “log kill” rule in 

anticancer chemotherapy. 

28. B The therapeutic strategy adopted in this case is based on 
the “log kill” rule. This rule states that a given dose of an 
anticancer drug will kill a constant proportion (not a con- 
stant number) of the tumor cell population as well as of 
sensitive normal cell populations. In other words, killing by 
anticancer drugs is a first order process, and the curve repre- 
senting the number of killed cells with increasing dose of an 
anticancer drug is an exponential curve. This curve can be 
transformed into a straight line by plotting the logarithm 
of the number of killed cells against the dose. Remembering 
that the logarithm is the exponent required to produce a 
given number, it follows that 1 is the log of 10 1 , 2 is the log of 
10 2 (that is 100), 3 is the log of 10 3 (that is 1000) and so on. 
Therefore if a population of 1 0 3 tumor cells is reduced to 1 0 2 
tumor cells it can be said that it is reduced by 1 log. This 
means that 900 cells are killed by the drug, resulting in a 90% 
decrease of cell number. Accordingly, a 2 log decrease means 
that 99%ofthe cells are killed, a 3 log decrease that 99.9%of 
the cells are killed, and so on. Usually a 2 log decrease is the 
strategy most often used, as a higher decrease would pro- 
duce unacceptable toxicity to healthy dividing cells. 

A, C-E See correct answer explanation. 

Learning objective: Describe the adverse effects of cisplatin. 

29. E Ototoxicity, characterized by a progressive hearing loss, 
commonly occurs with cisplatin and appears to be more 
pronounced in children. It most likely results from a direct 
toxic effect on the cochlea. The reversibility of this ototox- 
icity is questionable and seems substantial only with early 
cessation of cisplatin. Ototoxicity does not appear to be as- 
sociated with other platinum analogues (carboplatin and 
oxaliplatin). 

A-D The risk of ototoxicity with these drugs is negligible. 

Learning objective: Identify the anticancer drug that acts in the 

G 2 phase of the tumor cell cycle. 

30. B Bleomycin is the only cytotoxic antibiotic that is cell cycle 
specific (CCS). It has been shown that the drug causes accu- 
mulation of cells in the G 2 phase of the cell cycle. 

A, D These drugs are cell cycle nonspecific (CCNS). The A in 
the ABVD acronym stands for Adriamycin, a brand name for 
doxorubicin. 

C Vinblastine is CCS but acts in the M phase of the cell 
cycle. 



Learning objective: Describe the adverse effects of cyclophos- 
phamide. 

31. F The patient presented with gross hematuria, which can 
be either painless or painful. Whereas the former can have 
many causes, painful hematuria is usually due to inflamma- 
tory disease of the urogenital tract (cystitis and prostatitis), 
renal infarction, or nephrolithiasis. Renal infarction and renal 
calculi are unusual in a very young child. Cyclophosphamide 
can cause bladder mucosa edema, ulcerations, and minor to 
severe hemorrhage. This toxicity is believed to be due to me- 
tabolites of cyclophosphamide, including chlorethylaziridine 
and acrolein, which are formed by hepatic microsomes and 
excreted in the urine. They can concentrate in the bladder 
and cause mucosal damage. The incidence of hemorrhagic 
cystitis from cyclophosphamide administered at conven- 
tional doses is unknown, but in patients receiving high-dose 
regimens, it is about 10% 

A-C Adverse effects of these drugs do not include neph- 
rotoxicity. 

D, E Cisplatin and, very rarely, doxorubicin can cause neph- 
rotoxicity, but hemorrhagic cystitis has not been reported. 

Learning objective: Outline the therapeutic uses of methotrexate 

in lymphoblastic leukemia. 

32. AThe blood test and the bone marrow biopsy are consistent 
with the diagnosis of acute lymphoblastic leukemia. Before 
central nervous system (CNS) preventive therapy was rou- 
tine, the CNS was the most common site of leukemic relapse 
in children with acute lymphoblastic leukemia. Today, pre- 
ventive therapy is performed with intracranial irradiation 
and intrathecal administration of anticancer drugs. Metho- 
trexate with or without cytarabine and corticosteroids is the 
most common drug administered intrathecally to prevent 
relapse. 

B-F These drugs are not currently used to treat acute lym- 
phoblastic leukemia and are not administered intrathecally. 

Learning objective: Explain the mechanism of action ofbleomycin. 

33. A Bleomycin binds to DNA. The bleomycin-DNA complex 
reduces molecular oxygen to free oxygen radicals, which in 
turn causes DNA fragmentation. 

B This is the mechanism of action of vinca alkaloids. 

C This is the mechanism of action of fluorouracil. 

D This is the mechanism of action of alkylating drugs. 

E This is the mechanism of action of methotrexate. 

Learning objective: Describe the adverse effects of anticancer 

combination chemotherapy. 

34. E Nausea and vomiting are among the most common com- 
plications of chemotherapy administration. It has been shown 


that on the first day of chemotherapy, nausea is present in 
about 50%and vomiting in about 25%of patients. The most 
important factor influencing the frequency of nausea and 
vomiting is the emetogenic potential of the drug. Among the 
drugs administered to this patient, cyclophosphamide and 
doxorubicin are highly emetogenic, whereas the emetogenic 
potential of vincristine is low. Corticosteroids, by contrast, 
are effective antiemetics mainly in chemotherapy-induced 
nausea and vomiting, but the basis for this effect is unknown. 

A-D All of these listed adverse effects can occur (neurop- 
athy with vincristine, hemorrhagic cystitis, and, rarely, pul- 
monary fibrosis with cyclophosphamide, congestive heart 
failure with doxorubicin), but they are much less frequent 
than nausea and vomiting and are not acute adverse effects. 

learning objective: Explain the molecular mechanism of act ion of 
methotrexate. 

35. AMethotrexate is a folic acid antagonist that inhibits dihydro- 
folate reductase, the enzyme responsible for the reduction 
of dihydrofolate to tetrahydrofolate. The drug is biotrans- 
formed intracellularly to polyglutamated derivatives that 
are selectively retained within cancer cells and have a higher 
inhibitory effect on the enzyme. The inhibition of dihydrofo- 
late reductase leads to decreased synthesis of tetrahydrofo- 
late, which is a one-carbon unit carrier. These one-carbon 
units are used in the synthesis of purines, which in turn are 
essential for the synthesis of DNA and RNA. 

B This is the mechanism of action of cytarabine. 

C This is the mechanism of action of topotecan. 

D This is the mechanism of action ofbleomycin. 

E This is the mechanism of action of vinca alkaloids. 

learning objective: Outline the pharmacotherapy of chronic my- 
elogenous leukemia. 

36. AThe white blood cell count and the presence of the Phila- 
delphia chromosome confirm the diagnosis of chronic my- 
elogenous leukemia. The disease, which is associated with 
the Philadelphia chromosome in over 90%of cases, is charac- 
terized by increased granulocytes in peripheral blood and 
often increased platelets in early stages, as in this case. The 
goal of chemotherapy in newly diagnosed patients with very 
high leukocyte counts is to reduce leukocytosis and its asso- 
ciated symptoms. Hydroxyurea is still the most common 
agent used for initial leucocyte reduction. However, interfer- 
on-alfa and imatinib give better results in terms of remission 
and 5-year survival. 

B, C These drugs are hematopoietic growth factors. 

D-F These anticancer drugs are not used in chronic my- 
elogenous leukemia. 




learning objective: Explain the mechanism of action of aspara- 
ginase. 

37. B Asparaginase is an enzyme that hydrolyzes circulating 
asparagine. Because tumor cells in acute lymphoblastic leu- 
kemia have very low levels of asparagine synthetase, they 
require an exogenous source of asparagine for growth. As- 
paraginase depletes the existing supply of asparagine, inhib- 
iting protein synthesis in the tumor cells. In contrast, normal 
cells can synthesize asparagine and are therefore less sus- 
ceptible to the cytotoxic action of asparaginase. An increased 
asparagine synthetase activity of tumor cells is the cause of 
resistance to asparaginase. 

A, C-F All of these drugs can be used in acute lymphoblas- 
tic leukemia, but they have different mechanisms of action. 

Learning objective: Identify the drug used concomitantly to in- 
crease the cytotoxic activity of fluorouracil. 

38. C Fluorouracil is converted in cells to fluorodeoxyuridine 
monophosphate, which inhibits thymidylate synthase and 
causes a “thymineless death” of cells. Leucovorin is 5-formyl- 
tetrahydrofolate. By increasing the intracellular concentra- 
tion of a reduced folate (i.e., leucovorin), the formation of a 
stable complex between the active fluorouracil metabolite, 
the reduced folate, and the enzyme thymidylate synthase is 
favored, thus increasing the cytotoxicity of fluorouracil. 

A Folic acid is not a reduced folate and does not increase 
the formation of the stable complex described above. 

B, D-F See correct answer explanation. 

Learning objective: Describe the procedure to prevent cisplatin - 
induced nephrotoxicity. 

39. B Cisplatin can cause nephrotoxicity, but this adverse effect 
has been largely abrogated by vigorous pretreatment with 
hydration and administration of diuretics. Loop diuretics are 
required in patients with compromised cardiac reserve, as 
in this case. 

A, C-E See correct answer explanation. 

learning objective: Explain the mechanism of multidrug resis- 
tance in cancer chemotherapy. 

40. E Antineoplastic drug resistance can develop to a single drug 
or to a variety of drugs of different structures after the ex- 
posure to a single agent. 

Multidrug resistance is most likely due to 

• Increased efflux of the drug from the cells, due to in- 
creased expression of a normal gene that encodes for a 
cell surface transporter glycoprotein (P-170) that uses the 
energy of adenosine triphosphate (ATP) to expel a variety 
of foreign molecules. This is the most common mecha- 
nism of multidrug resistance. 


• Increased DNA repair, due to increased activity of to- 
poisomerase enzymes 

ADNArepair is increased, not decreased, in cases of multi- 
drug resistance. 

B-D These mechanisms can explain resistance to single 
drugs but cannot account for multidrug resistance. 

Learning objective: Identify the drug used as an antidote against 
cyclophosphamide. 

41. C Cyclophosphamide can cause hemorrhagic cystitis, which 
seems to be due mainly to acrolein, an active metabolite that 
is excreted in high concentration in the urine. Prevention 
consists of providing adequate intravenous hydration and 
administration of 2-mercaptoethane sulfonate (MESNA). This 
agent contains a free thiol group that can neutralize acrolein 
in the bladder. MESNAcan prevent the bladder toxicity com- 
pletely, so its use is the current standard of care. 

A, B, D, ENone of these drugs can prevent cyclophospha- 
mide-induced hemorrhagic cystitis. 

Learning objective: Identify the appropriate combination chemo- 
therapy for chronic lymphocytic leukemia. 

42. EThe lab results suggest that the patient was suffering from 
chronic lymphocytic leukemia, the most common form of 
leukemia in adults over age 50, which occurs twice as often 
in men as in women. The disease is high risk when lympho- 
cytosis is accompanied by anemia and thrombocytopenia, as 
in this case. In the past, chlorambucil with or without pred- 
nisone had been the standard initial treatment of chronic 
lymphocytic leukemia, but today fludarabine gives better 
results. However, the combination of chlorambucil and pred- 
nisone can be useful in elderly patients with anemia and 
thrombocytopenia, as in this case. 

A-D These anticancer drug combinations are not used in 
case of chronic lymphocytic leukemia. 

Learning objective: Identify the anticancer drug that acts by form- 
ing both inter- and intrastrand cross-links in DNAmolecules. 

43. D Cisplatin is the prototype of platinum analogues. These 
drugs have broad antineoplastic activity and are currently 
used for treatment of ovarian, head and neck, bladder, esoph- 
agus, lung, and colon cancers. Platinum analogues are acti- 
vated inside cells, yielding positively charged and highly 
reactive molecules. These molecules can react with various 
sites on DNA, forming both inter- and intrastrand cross-links, 
which in turn block DNAreplication. 

A-C, E See correct answer explanation. 



learning objective: Describe the adverse effects of bleomycin. 

44. E Among the chemotherapeutic drugs, bleomycin has the 
highest risk of pulmonary toxicity. It can cause an interstitial 
pneumonitis followed by pulmonary fibrosis. The disease 
is very serious and is lethal in about 50%of cases. The main 
factor associated with the development of pulmonary tox- 
icity is the cumulative dose of bleomycin. The higher the 
cumulative dose, the higher the risk. 

A Acute leukemias have been associated with cancer che- 
motherapy, but chronic myelogenous leukemia is not related 
to the previous use of anticancer drugs. 

B-D The drugs taken by the patient do not increase the 
risk of these diseases. 

learning objective: Identify the drug to be used for maintenance 

therapy in acute lymphoblastic leukemia. 

45. C Maintenance therapy of acute lymphoblastic leukemia is 
usually performed for 2Vi to 3 years after remission because 
early trials have shown that without maintenance, most chil- 
dren will relapse within 1 or 2 months. Impressive improve- 
ments in disease-free survival and cure rates are achieved 
with various maintenance regimens. Methotrexate and mer- 
captopurine are the drugs most often included in these reg- 
imens. Mercaptopurine is effective and well tolerated orally 
when administered daily. 

A, B, D, E All of these are cell cycle-nonspecific anticancer 
drugs, and they are not currently used in postinduction reg- 
imens for acute lymphoblastic leukemia. 

learning objective: Explain the mechanism of action of vinca 

alkaloids. 

46. A Vincristine and vinblastine are vinca alkaloids. These drugs 
bind specifically to (3-tubulin, the structural proteins that 
form microtubules, and block (3-tubulin polymerization with 
a-tubulin, thus preventing microtubule assembly. In this way, 
they cause an arrest of the mitotic cycle in metaphase. 

B-E See correct answer explanation. 

learning objective: Describe the adverse effects ofpaclitaxel. 

47. CPaclitaxel is the prototype oftaxane derivatives. Peripheral 
neuropathy is a common adverse effect of taxanes, affecting 
more than 50% of patients under treatment. The effect is 
dose-dependent and cumulative. 

A, B The risk of these adverse effects is very low. 

D, EPaclitaxel causes a profound myelosuppression, which 
in turn increases the risk of opportunistic infections. These 
include candidiasis, cryptosporidiosis, cryptococcosis, and 
Mycobacterium avium - in tr acellular e infection, but urinary 
tract infections and tuberculosis have not been reported. 


Learning objective: Outline the therapeutic uses of etoposide. 

48. F The patient’s symptoms and the bronchial biopsy are 
consistent with the diagnosis of a small-cell lung cancer. 
Although the risk of developing any type of lung cancer in- 
creases with cigarette smoking, the relative risk of small-cell 
lung cancer is among the highest. The cells of these cancers, 
also called “oat cell” carcinomas, contain a scanty amount 
of cytoplasm and rarely have nucleoli. These malignancies, 
which are of neuroendocrine origin, may cause a variety of 
paraneoplastic syndromes due to the synthesis and secretion 
of hormones such as adrenocorticotropic hormone (ACTH) 
and serotonin. Small-cell lung cancers carry a poor progno- 
sis because they metastasize early and are already spread at 
the time of diagnosis. Etoposide, given together with a plati- 
num compound, has been shown to significantly improve 
survival and is currently a drug of choice in this disease. 

A-C Isoniazid, ceftazidime, and streptomycin are antimi- 
crobial agents and are therefore of no value in lung cancer. 

D, E Asparaginase and cytarabine are not used in small- 
cell lung cancer. 

Learning objective: Outline the therapeutic uses of imatinib. 

49. F Imatinib is the prototype of a new class of anticancer 
agents called tyrosine kinase inhibitors. These drugs specifi- 
cally inhibit the tyrosine kinase activity of BCR- ABL (break- 
point cluster region-Abelson murine leukemia), the fusion 
product of the Philadelphia chromosome. BCR- ABL is a con- 
stitutively active protein kinase supporting cell prolifera- 
tion; inhibition of the enzyme by imatinib blocks the kinase 
activity and downstream activation of cellular proliferation. 
Tyrosine kinase inhibitors cause apoptosis in cells that ex- 
press the enzyme but do not affect normal cells. They are 
currently first-line agents in chronic myelogenous leuke- 
mia. They are not curative but can prolong survival and can 
achieve a complete hematologic remission. 

A-E These anticancer drugs are not used in chronic my- 
elogenous leukemia. 

learning objective: Describe the adverse effects of asparaginase. 

50. E Asparaginase is an enzyme that catalyzes the hydrolysis of 
plasma asparagine to aspartic acid and ammonia. Because it 
is a foreign protein, it has antigenic properties, and hyper- 
sensitivity reactions are common (up to 20°/$. They are usu- 
ally mild, but fatal anaphylactic reactions have been reported. 

A-D The risk of these adverse effects after asparaginase 
administration is negligible. 

















